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1>1{EFA(’K. 


The or^^Miiisnis con.sideml in ap-iciiltural l^actoriolo^jy are 
specifically the most mimcrous, chemi(*ally the most active, ami 
economically the most important known. This liein^^ true, why is 
so mnch interest shown in the injurious ami so littl(‘ in the henefi'cial 
bacteria? There are two chief reasons for this coialition. When 
an outlaw commits some crijiie against human society it is heralded 
far and near and the machinery of the law is set in ojjeration to 
appniiend the cul])rit and bring him to justice. So it is with these 
outlaws in bacterial society. The tyi)hoid, or perchance some other 
(lisease-j)rodnciiig organism, attacks some individual, or it may be 
an entire community. If it be tyjdioid, we hear of the long-drawn- 
out fight between the human individual on the om* hand and the 
invi^silxe enemy on the other. If disease be not checked it sjireads 
to other i)]a('i's, and, as in the Dark Ages, sweeps like a i)rairie-fire 
over a Avholi' continent or, as rectently, over the entire world. The 
stcond reason why we hear more of the disease-producing organisms 
tlian^ve do of the lieiK’ficial bactcTia is that man has learned that 
it is a ^ght between him and these microbes to determine which 
shall inl^erit the earth. He has learned that he must protect him- 
fself against these enemi<‘s. h'or the.se reasons man has studied the 
bacterial outlaw, his place and eondition of growth. 

Oy the other hand, though we admire the ma,gnific('nt structures 
and complex institutions which have been reareil by the mind and 
hand of men,*we^ee and pass on. In many cases w(‘ do not stop to 
contemidate the countless millions, livipg <ind dead, who have 
contributed their mite that things might be as they ^ir(‘. Man does 
not have to prot(a*t himself against these honest toilers; hence they 
go unnoticed. The work of the benefactor lacks the stiisatioiWism 
whicli is attached to that pf the destroyer, it i ?5 witluhe count- 
less Hillions nf benefigal bacteria; they toil on* day and nigh>, 
generation after 'generation, accopiplishing good for the human race! 
We do not miss them, for they have always helped us. They never 
beoome discouraged, bijt ^V6rl^ for our good until conditions become 
utoleiable, when they die to be in many cases replaced by the 
bacterial outlaw. 

If the fallowing pages Ijelp to systematize, to arouse interest, to 
stimulate curiosity or inquiry in even a small degree in this intensely 
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PREFACE 


interesting and practical subject, the author will feel that his labors 
have not been in vain. 

It is coining to be recognized that agricultural bacteriology and 
agricultural chcinistry arc; at many points intimately associated. 
Hence, the writer has presupposed a knowledge of elementary 
chemistry on the part of the student. However, most of the more 
complex equations have been grouiied in one chapter so they may 
be used or omitted as the teacher sees lit. 

It has been mori; a (ihcstion of what to exclude than what to 
include. However, the writer has been guided throughout by the 
needs of the student of agriculture, and hence where good, complete 
volumes are available, as is the (*ase with milk, water, sewage, and 
some other subjec.ts, a bare outline is given; so the student should 
consult other Avorks for a more exhaustive treatment. Hut in the 
case of soils an effort has been made to go more into detail. Even 
in these chapters, however, no attempt has been made to review all 
of the literature. 

In the prc])aration of this work I have drawn fre(^ly from all 
available sources. iMuch of the material was first written with a 
complete reference to (he literature, l)ut it soon became apparent 
that such a procedure would produce a work too large for the purpose 
for which this was written. Hence, all refereiux's have been elimi- 
nated. There are, however, listed at the end of most chapters a few 
select works given in moi^t cases because of the references which 
they contain, and it is to these that the studtuit is referred for 
further details. At the end of the last chapter is given I’st of 
additional works which have been consulted in the preparation of 
this book. 

To my friends and colleagues my hearty thanks are offered fof 
the valuable encouragement and assistance given in the preparation 
of this book. I am under particular obligation to President LL G. 
Peterson, Dr. P. S. Harris, Dr. B. L. iliehards, Professors George 
Stewart, C. T. Hirst, and E. G. Carter for reading parts or all 
of the manuscript and offering many helpful suggestions, also to 
Mrs. Blanche C. Pittman for her painstaking care in the preparation 
of th^ manuscript for the press. 

J. E. G. 


Logan, l/rAH, 19?2. 
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AGRICULTURAL BACTERIOLOGY. 


CHAPTER I. 

J)EVEJX)PMENT OF BACTEIilOIXACA’. 


Nowhere in the whole realm of human endeavor has research 
been crowned with mort‘ glorious achievements, at least in so fai- 
ns the welfare of the liiiman race is concerned, than in the field of 
hactcriologv , and tin's in face of the fact that l)acteriological research 
had a most humble and recent origin. Even the dawn of bacteri- 
ology dates back only to the last quarter of the seventeenth century 
to the time wIk'ii a Dutch linen-tlraper, Anton van Tyeeuwenhock, 
spent his leisure time in grinding lenses. He became so proficiimt 
in thi.i that his lenses w(*re su]X‘rior to any made befori'. Turning 
them on viirious substances - raindrops, saliva, and many putrifying 
things he found in all these living, moving forms, which prior to 
this tii^(! had been unrecognized. We can imagiru! his joy and 
surprise from this statement: “I .saw with wonder that my 
material contained many tiny animals which moved about in a 
9nost amusing fashion. The largest of these A (Fig. 1) showed 
the liveliest and most active motion, moving through the water 
or siriiva as a fish of prey darts through the sea; they were found 
everywhere, although not in large numbers. A second kind was 
similar to that marked B (Fig. 1) which sometimes spun around 
in a circle like a top. These were i)rese»t in larger numbers and 
soniethnes described a path like that shown in C toi D (Fig. 1). A 
third kind could not be distinguished so clearly; now they appeared 
oblong, now quite round, d'hey were so very^small that tl'iey did not 
seem larger than the bodihs marked E, and besides they*moved so 
rapidly that they were continually running hito one another. They 
looked like a swarm of gnats or flies dancing about together. I had 
the impression that I was looking at several thousand in a given 
])art of the water or saliva mixed with a particle from the teeth no 
largci«than a grain of sand, even when only one part of the material 
was added to nine parts of water or saliva. Further, the greater 
part of the* material consisted of an extraordinary number of rods, 
of widely different lengths,’ but of the same diameter; some were 
2 - 
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curved, some straight, as is shown in F; they lay irregularly and 
were interlaced. Since I had previously seen living animalcules of 
this same kind in water, I endeavored to observe whether there was 
life in them, but in none did I sec the smallest movement that might 
be taken as a sign of life.” 

This patient worker, supplied with his crude microscope, gives a 
fairly accurate description of these minute forms of life. But this 
did not awaken the world to even a faint realization of the wonderful 
invisible forms of life which were present in everything and were 
always working for good or evil. It did, however, revive a discussion 
which had waxed long and furious as to whether life can spring 
spontaneously from inanimate matter or whether it is the descendant 
of preexisting living organisms. 



irjo. 1. — The first drawings of bacteria by Leeuwenhoek, The dotted lino C-1) 
indicates movement of the organism. (Morrey.) 

Spontaneous Generation.— Back in the sixteenth century a famous 
physicist and chemist, van Hclmont, stated that mice can be 
spontaneously generated by merely placing some dirty rags in a 
receptible together with a few grains of wheat or a piece of cheese. 
The same philosopher’s method of engendering scorpions is also 
amusing. 

“Scoop out a hole in a brick, put into it some sweet basil. Lay 
a second brick upon the first, so that the hole may be imperfectly 
covered. Expose the two bricks to the sun, and at the end of a few 
days the smell of the sweet basil, acting as a ferment, will change 
the herl) into a real scorpion.” 

An Italian, Bouonami, tells of a wonderful metamorphosis which 
he had witnessed, llotten timber, rescued from the sea, produced 
worms j these gave rise to butterflies; and strangest of all, the butter- 
flies became birds. 

Everyone thought it a self-evident fact that maggots sprang 

gpont^peoysly ftpm ^egoraposing^mpat or cheese^ until an Italian 
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poet and physician, Ilecii, took the simple precaution of screening 
the moiitli of jars containing meat so that flies could not enter. 
Flies were attracted hy the odor and dej)ositcd their eggs on the 
gauze, and it was from these that the socalled “worms” arose. 

The theory of the si)ontaneous generation of mice, scorpions, and 
maggots had been ])roved imtenalile. But liow about these micro- 
scopic organisms? 'Fhcy surely could develop directly from organic 
material. For now anyone provided with Jthis new instrument, the 
microscope, could easily demonstrate for himself the s])ontaneous 
generation of microscopic; cels in vinegar, or ])roduce myriads of 
difl’erent and interesting living creatures in simple infusion of hay 
or other organic material. 

Nc'cdham, a Catholic priest, evolved the theory that a force called 
“productive” or “vegetative” existed which was responsible for 
the formation of organized beings. The great naturalist, Buft’on, 
elaborated the theory that there were certain unchangeable parts 
common to all living creatures. After death these ultimate con- 
stituents were supposed to be set free and become active, until, with 
one another and still other particles, they gave rise to swarms of 
microscopic creatures. 

Needham in 1745 took decaying organic matter and enclosed it in 
a vessel; this he placed upon hot ashes to destroy any existing 
animaltuhe. On examining the contents of the flasks he found micro- 
organisms which he had not noted at first. Later (1709), Spallanzani 
repeated the work. He felt that Needham had not exercised suffi- 
cient cape and that the organisms had gotten in from the outside. 
Accordingly he boiled the material for one hour and kept it in 
hermetically sealed flasks. He wrote: “I used hermetically sealed 
'sfessels. 1 kept them for one hour in boiling water, and after opening 
and examining their contents after a reasonable interval, I found not 
the slfghtest trace of animalculai, though 1 had examined the infusion 
from nineteen different vessels.” 

But the believers in the theory of abiogenesis were not convinced, 
for they claimed that the boiling altered the* character of the infusion 
so that it was unable to produce life. Voltaire, with his characteristic 
satire, took up the fight at this point and ridiculed the operations 
of the English clergy “whojiad engendered the eels in the^gravy of 
boiled mutton,” and he wittily remarks: “It is strange that men 
should deny a creator affd yet attribute to themselves the power of 
creating eels.” But this was a controversy to be settled not by 
ridicule but by experimental evidence. 

Spallanzani answered this by cracking one of the flasks so that 
air could enter. Decay soon set in. Even this was not sufficient to 
overthrow a popular belief, for the claim was made that the sealing 
of the flasks excluded the air, and air was essential to the generation 
of these forms of life. This objection Was answered by the work of 
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many injjienioiis investigators. Schulze, in 1836, passed air through 
strong acids and then into boiled infusions and failed to find any 
living organisms in the infusion, whereas Schwann passed the air 
through highly heated tubes with the same results. This was criti- 
cized by their opponents who claimed that the chemical alteration 



2. ^Kxpt'riinenl of Schulze: I'orciiiK :iir throufjli sulphuric tu-id. (Luhir.) 

of the air subjected to such drastic treatment had been responsible 
for the absence of bacteria in the infusion. The work of Schrocder 
and Dusch (1853) was more convincing, for they found that it was 
sufficient to stopper the bottles with cottoU plugs; the air passed 
in but the mieroorganisms were held back by the cotton and the 



contents of the flasks kept in good condition. Every now and then 
the conttotf of a flask would spoil, even after it had been carefully 
stopp^^ and boiled. This remained a stumbling block in the way 
of those who maintained that life sprahg only from life, until in the 
<'' #ear 1866 when Pasteur demonstrated that many bacteria may pass 
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into a resting stajje, and while in this conditioii will withstand con- 
ditions which quickly kill them in the vejjjetativc stji^c. Klcven 
years later ('ohn of Breslau carefully investijijated orpinisins in this 
resting or spore stage*, ami toelay forms of microcirganisms are known 
which will withstand boiling water for sixteen hours without being 
killed, and others resistant enough even to endure for many hours a 
10 per cent, solution of carbolic achl. 

Fermentation.- Since the dawn of history man has been interested 
in that wonderful process known as fermentation, Jind although 
many an ing(*nious theory has l)een formulated to explain it, little 
more than theory existed until the classic work of Pasteur on fer- 
mentation appeared about ISJ17. Pasteur claimed that all forms of 
fermentation were due to the action of microscoi)ic organized cells. 
An idea such as this, even at this late date, did not go unchallenged, 
for w(* find no less illustrious workers than Helmholtz and Liebig 
o])])osing it. Liebig scoffed at such an idea, writing: “Those who 
pretend to explain the putrefaction of animal substance by the 
])r('sence of microorganisms reason very much like a child who 
would explain the rapidity of the Bhine by attributing it to the 
violent motions imparted to it in the diredion of Burgen by the 
numerous wheels of the mills of Venice.” 

However, Pasteur’s carefully planned exj)eriments soon demon- 
strated that without the microorganisms there would be no fermen- 
tation, no putrefaction, no decay of any tissue, except by the slow 
process of oxidation. The care with which his experiments were 
])lanned»and executed are well shown in the ex])eriments with grape 
sugar, conet'rning which he wrote: “1 pre])ared forty flasks of a 
capacity of from two hundred and fifty to three hundred cubic 
centimeters and filled them half full wnth filtered grai)e-must, ])er- 
fectly clear, and which, jis is the case of all acidulated liquids that 
have* been boiled for a few seconds, remains uncontaminated, 
although the curved neck of the flask containing them remains 
constantly open during several months or years. 

• “In a small (piantity of water, I wa.slfed a ])art of ‘a bunch of 
grapes, the grapes and the stalks together, and the sttdks separately. 
"Phis washing was easily done by means of a small barber’s hair- 
brush. The washing-w^ater collected the dust upon the surface of the 
grapes and the stalks and it was easily showm*under the microscope 
that this water held in^iuspension a multitude of minute organisms 
closely resembling either fungoid spores or those of alcoholic yeast, 
or those of Mycoderma vini, etc. This being done, ten of the forty 
flasks were preserved for rt>ference; in ten of the remainder, through 
the straight tube attached to each, some drops of the washing- water 
w^ere introduced; in a third series of ten flasks a few drops of the 
same liquid w^re placed afJer it had been boiled; and finally in the 
ten remaining flasks were placed some drojis of grape-juice taken 
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from the inside of perfect fruit. In order to carry out this experi- 
ment the straight tube of each flask was drawn out into a line and 
Arm point in the lamp, and tlicn curved. This fine and closed point 
was filed round near the end and inserted into the grape while 
resting upon some hard substance. When the point was felt to 
touch the support of the grape it was by a slight pressure broken off 
at the file mark. Then if care had been taken to create a slight 
vacuum in the flask, a drop of the juice of the grape got into it; the 
filed point was withdrawn and the aperture immediately closed in 
the alcohol lamp. This decreased pressure of the atmosphere in the 
flask was obtained by the following means: After warming the 
sides of the flask, either in the hands or in the lamp flame, thus 
causing a small (piantity of air to be driven out of the end of the 
curvecl neck, this end was closed in the lamp. After the flask was 
cooled, there was a tendency to suck in the drop of grape-juice in 
the manner just descril>ed. 

“The drop of grape-juice which enters into the flask by this 
suction ordinarily remains in the curved part of the tube, so that to 
mix it with the must it was necessary to incline the flask so as to 
bring the must into contact with the juice and then replace the flask 
in its normal position. The four series of coTnparative experiments 
produced the following results: 

“The first ten flasks containing the grape-must boiled in pure air 
did not show the production of any organisms. The grape-must 
could possibly remain in them for an indefinite number of years. 
Those in the second series, containing the water in which the grapes 
had been washed separately and together, showed without exception 
an alcoholic fennentation which in several cases began to appear 
at the end of forty-eight hours when the experiment took place a‘t 
ordinary summer temperature. At the siime time that the yeast 
appeared, in the form of white traces, which little by little united 
themselves in the fonn of a deposit on the sides of all the flasks, 
there were seen to form little flakes of Mycelium, often as a single 
fungoid growth or in c5mbination, these fungoid growths being 
(piite independ6nt of the must or of any alcoholic yeast. Often, also, 
the Mycodenna dni appeared after some days upon the surface of 
the liquid. The vibria and the lactic ferments, properly so-called, 
did not appear on account of the nature of the liquid. 

“The third series of flasks, the washing-\<^ater of which had been 
previously boiled, remained unchanged, as in the first series. Those 
of the fourth series, in which was the juice of the interior of the 
grapes, remained equally free from change, although I was not 
always able, on account of the delicacy of the experiment to eliminate 
every chance of error. These experiments cannot leave the least 
doubt in the mind as to the following facts: 

“Grape-must, after heating, never ferments on contact with air, 
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when the air lias been deprived of the j^erins whieli it ordinarily 
holds in a state of suspension. 

“Tlie boiled grape-must ferments when there is introduced into 
it a very small quantity of water in which the surface of tlie grapes 
of their stalks have been washed. 

“The grape-must does not feniient when there is added to it a 
small quantity of the juice of the inside of the grape. 

“The yeast, therefore, which causes the fermentation of the grapes 
in the vintage-tub comes from the outside and not from the inside 



Fi«. 4.— Tyndall’s Ijox. One side is removed to show the construction. The 
bent tubes at the top are to permit a free circulation of air into the interior. The 
•window at the back has one oorrespondiriK in the front (removed). Through these 
tlie beam of light sent through from the lamp at the side was observed. The three 
tubes received the infusion and were then boiled in an oil bath. The pipette was 
for filling the tubes. (Popular Bcieuco Monthly, April, 1877.) • 


of the grapes. Thus it destroyed the hypothesis of MM. ^Vecol and 
Fremy, who surmised that the^ albuminous matter transformed 
itself into yeast on account of tile vital germs which were natural 
to it. With greater reason, therefore, there is no longer any ques- 
tion of the theory of Liebig of the transformation of albuminoid 
matter into ferments on account of the oxidation.” 

Pasteur’s work did not stop here, for he soon proved that a disease 
that was attacking the silkwbrm was caused by bacteria. And from 
this there developed the idea that disease in general is due to bacteria. 
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If there were any doubts left in the minds of the scientific world 
as to tlie fallacy of the theory of spontaneous generation, after the 
work of Pasteur, they were dispelled l)y the work of 'iyndall. 
Tyndall proved that in an atmosphere devoid of dust, as on the 
tops of mountains and in some ingeniously constructed boxes used 
by him, ])crishable substances, sucli as beef tea, if sterile when placed 
in such an atmosphere, will keep for an indefinite period. 

Smallpox. —Smallpox was fonnerly looked upon as practically 
unavoidable by all meml)ers of the human family, as is seen from a 
popular sjiying current in (Jennaiiy in the eighteenth century: 
“von Pocken und Liebc bleiben nur wenige frei,” from smallpox and 
love few remain free. 

Concerning small})ox Macaulay wrote in referring to the death of 
Queen Mary from the disease in 1()1)4: “The havoc of the plague 
had been far more rai)id; but plague had visited our shores only 
once or t\\ice within living memory, and the smallpox was always 
present, filling the churchyards with corpses, tormenting with 
constant fears all whom it had not yet stricken, leaving in those 
whose lives it spared the hideous traces of its i)Owcr, turning the 
babe into a changeling at wliich the mother shvuldered, and making 
the eyes and cheeks of the betrothed maiden obj('(‘ts of horror to the 
lover.” 

For the different condition which exists today in civilized countries 
where the fear of smallpox is nearly as remote as that of leprosy, 
Kdward Jenner (1749- 1823) is chiefly to be thanked. His attention 
was at first directed to the subject by the rcanark of a young girl: 
“I cannot take smallpox for I have had cowq>ox.” After consider- 
able labor and opposition he developed and gave to the world, 
without monetary consideration, his vaccine which has all but 
banished from the world the dreaded disease - smalli)ox. 

Anthrax.- As early as 1863 investigators had seen in the blood 
of some animals that had died of a disease known as anthrax, a very 
small rod-like organism which permeated all the capillaries. Their 
experiments showed thail the blood from such an animal, when 
injected into the veins of a second animal, caused it to die of the 
same disease.^, But they found that there were times when the organ- 
ism could not be discovered in the blood of the dead animal, although 
injection ‘with blood 'from this animal would cause the death of 
another. This fact left a doubt in the minds of thinking men as to 
whether this rod-shaped organisln was the cause of the animal’s 
death or whether it was “some invisible element in the blood.” 
Not until thirteen years later was this fully settled by the work of 
Robert Koch. He not only saw the roishaped organisni, but 
obtained it free from all other substances, and proved that it was the 
specific cause of the disease. This was fbllowed by many other dis- 
coveries, until today it is known that practically all diseases are due 
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to inicroscopic orpuiisms. Vos, ovoii many of the changes taking 
place in the body and associated witli old age are attributed by some 
writers to the pro<liicts generated by bacteria. 

The workers in this Held are not siitisfied witli knowing the cause 
of a disease, but the\ wish to know how they may wanl off disease 
and how to cure it when once it gains access to the body of an animal. 
Pasteur soon announced that he had found a preventive for anthrax, 
llis statement was imnu'diately challenged by the ])resident of an 
agricultural society in such a wav that it was brought to the atten- 
tion of the entire civiliz(‘d world. lb* suggested that the subject be 
submitted to a decisive jHiblie test and ollered to furnish Hfty sheep, 
half of which should b(‘ jn-otected by th(‘ attenuated virus prepared 
by Pasteur. Lat('r they wen* all to be infected by the disease- 
])roducing organisms and if tin* vaccine were a success the* ])rotected 
ones were to remain healthy, the unprotected ones to die of the dis- 
ease. Pasteur accei)t('d the challeng(‘ and suggested that for two 
of the sheet) there should be substitut'd two goats, and that there 
be added to th(‘ herd ten cows, but he stated that these latter animals 
should not be considered as falling rigidly within tlie test, for his 
experiments had Jiot yet Ihh'h extendi'd to cattle. Hefon' this time 
the fame of Past('ur had been considered firmly established, but now 
all the world looked on with doul)t to think that any man should 
make such a pre})osterous claim. On May 5 the animals to be pro- 
tected recei\ed tlu'ir Hrst treatment with tlu? vaccine and a second 
two weeks later. Virulent cultures of the disease-producing organ- 
ism were then inoculated into the animals, d’he results of the test 
were inde('<l dramatic. 

“Two days later, June 2, at the appoinU'd hour of rendezvous, a 
Vast crowd, composed of vetiTinary surgeons, newspa|XT corre- 
spondents, and farnnu’s from far and m'ar, gathered to witness the 
elosiTig scenes of this scientific: tourney. What they saw was one of 
the most dramatic scenes in the history of peaceful science, a scene 
which Pasteur declared afterward, ‘ amazed the assembly.’ Scattered 
.about the enclosure, dead, dying, or manifestly sick unto death, lay 
the un])rotected animals, one and all, while each and every protected 
animal stalked unconcernedly about with every appe^irance of per- 
fect health. Twenty of the sheep and the one goat were already 
dead; two other sheep expired under the eye^of the spectators; the 
remaining victims lingered but a few hours longer. Thus, in a 
manner theatrical enough, not t1) say tragic, was proclaimed the 
unecjuivocail victory of science.” 

It has been estimated by conservative writers that Pasteur’s dis- 
eoveiV of the means of preventing or curing anthrax, silkworms’ 
disease, and chicken cholera, adds annually to the wealth of France 
a sum equivalent to the enfire indemnity j)aid by France to (Germany 
after the War of 1870. 
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Other Work of Pasteur.— This was only a part of the work of this 
great man, for in 1S85 he {innounee<l a cure for hydrophobia. Prior 
to this time tlie disease developed in at least lO i)er eent. of the 
individuals bitten by mad dogs, and of this IG per eent., 100 i)er cent, 
died. Since Pasteur’s discovery the number of deaths from this 
cause has been reduced almost to zero. The profound ini])ortance 
of h i s work has been well summarized by Lord I .i ster : ‘ ‘ Truly there 
does not exist in the entire world any individual to whom the medical 
science owes more than they do to you. Your researches on fermen- 
tation have thrown a powerful beam which lightened the baleful 
darkness of surgery and has transformed the treatment of wounds 
from a matter of uncertain and too often disastrous empiricisms 
into a scientific art of sure beneficence, d’hanks to you, surgery has 
undergone a complete revolution which has deprived it of its terrors 
and has extended almost without limit its efficacious powers.” 

And Tyndall writes; “We have been scourged by miserable 
throngs, attacked from impenetrable ambuscades, and it is only 
today that the light of science is being let in upon the murderous 
dominion of foes.” 

Other Plagues Conquered.— In the realm of medicine one discovery 
after another has followed in rapid siiccession during the last few 
years, until today diphtheria instea<l of having a death-rate of over 
30 per cent, has one of less than 3. Typhoid fever is all but con- 
quered. Asiatic cholera and the yellow fever have been nearly 
wiped from the face of the earth, thus making i)ossible the building 
of the Panama ('anal. 

Lister.— Thanks to the wonderful work of Lord Lister we no longer 
have that terrible suppuration, which before his time followed even 
slight wounds. At the close of the nineteenth century it was asserted 
that “Listcrism” had saved more lives than had been sacrificed by 
all the w'ars of the nineteenth century. Although contiitually 
brought in contact wdth suffering and misery, this truly great man 
did not lose his tender-hearted nature and love of ehildren, as is 
shown by the following s^cory related by one of Lister’s students. , 

“One day when Lister was visiting his wards in the Glasgow 
Royal Infiriuary, there was a little girl whose elbow-joint had been 
excised, and this had to be dressed daily. Lister undertook this 
dressing himself. Tlfe little creature bore the pain without com- 
plaint, and when finished she suddenly pr6dugcd from under the 
clothes a dilapidated doll, one leg'^of which had burst, allowing the 
sawdust to escape. She handed the doll to Lister, who gravely 
examined it; then asking for a needle and thread, he sat down and 
stitched the rent, and then returned the doll to its gratified o\Vner.” 

Yellow Fever.— The investigators in some of these fields have gone 
into it not only with a knowledge of the fact that failure may be 
their lot, but they even risked their lives in the work, as is shown 
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in the fight against yellow fever. Dr. Lazear, an American army 
surgeon, allowed himself to be bitten by a mos(]uito in an infected 
ward. He soon acquired yellow fever in the most terrible form and 
died a martyr to science and a true Iuto. He gave up his life for 
others; the jdain record of his sacrifice is recorded thus upon a 
tablet erected to his memory: “With more than the courage and 
devotion of the soldier, he risked and lost his life to show how a 
fearful pestilence is communicated and how its ravages may be 
prevented. ihat this is conveyed only by the bite of the mosquito 
was shown by the following: Three brave men slept for twenty 
nights in a small, ill-ventilated room screened from mosquitoes but 
containing furniture and clothing smeared with the excretion of 
yellow fever i)atients- some of whom had died of the disease. None 
of the men contracted yellow fever, thus indicating the disease was 
not of a contagious nature. 

Agricultural Bacteriology. In 1883 Ilurrill, by the discovery of 
the organism which causes fire- or pear-blight, oi)ened up a similar 
interesting and practical field in the plant kingdom which even at 
the present day is only in its infancy. 

ft may aj)pear from the ])receding that bacteria are all enemies 
of man, but this is not true, for there are many more beneficial 
bacteria than injurious ones. 

Even in the field of agricultural bacteriology ra[)id advances have 
been and are being made. To Ifcijerinck, Ilellriegel, Wilfarth, Lip- 
man, and a host of others, we owe our knowledge concerning the 
morphology and phy.siology of the nitrogen-fixing organisms. In 1888 
Winogradsky isolated the nitrifying organisms which grow on a 
]nedium devoid of all organic matter and sinc(‘ that time there is an 
ever-increasing volume of work on this phase of the subject. Han- 
sen’s^investigation iji industrial fermentation is also important. 

Future Work. “One may think from the preceding that in this 
field of science there is little to be done, but this is not the case, for 
there are diseases still imconquered. The great “White Plague'’ 
^3till claims its millions each year. There are diseases which are 
sapping the very life-blood of tlie nation, yet they go unchecked. 
Science as yet has not come to the aid of the unfortunate victims. 

As regards the beneficial organism we have only just ^started to 
realize their great possibilities. In the soil are five great classes of 
organisms which deal *with the transformation of nitrogen. One 
class carries on putrefaction, changing the insoluble proteins into 
ammonia, another picks the ammonia up as formed, transforming 
it int§ nitrites, and even this must be changed into nitrates before 
plants can use it. Under what condition arc the.se changes carried 
on at a maximum rate? \yhat influence has moisture, temperature 
crop, and method of tillage on this change? Some of these questions 
are being answered by the work now being conducted, but there are 
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many yet unanswered. Still they are vital questions, for, in many 
cases, the cro]) yields will he determined by the skill with which 
these various changes are controlled. There is another set of organ- 
isms in the soil, the function of which is to take the ])ractically 
valueless nitroge'ii of the atmosi)here and change it into forms such 
as the higher plants can feed upon. How may we control them for 
maximum yields? For if treatxxl properly they will never tire, but 
toil on forever. Then again it is possible that bacterial action may 
be used as a measure of soil fertility and methtxis so i)erfected wliich 
are more sensitive than any now in use. Truly, in this Held great 
things have l>een aecomplished, but there remains yet to compier 
fields richer by far than the workers of the past have ever dreamed. 


UIUIOIIIONC’KS. 


Locy: Biotowy and its Makers. 

Paj?et: Pasteur and after Pasteur. 

GreKOry: Discovery -The Spirit and Service of Science. 
Vollery-Radot: The Life of Pasteur. 

Lihhy: History of Science. 



CHAPTER II. 


BA( TEUIA AND THEIR PLAI^^ IN NATURE. 

Racteriology in tlic strictest sense is tli.at braneh of seienee 
whieli deals with tlu* distribution, inorj)liology, elassifieation, and 
function of })a{*teria. However, it is often used more general to 
include bacteria, yeasts, molds, and ])rotozoa. A better temi where 
all four grou})s are included is “ microbiology.” IVIaiiy of the modern 
writers use this term. 

Definition of Bacteria.- JIaeteria are extremely minute, simj^le, 
unicellular organisms whieli multiidy with great rapidity, usually 
by transverse fission, and are devoid of ehlorophyl. Although they 
contain nuclear material which is usually dillused throughout the 
cell body in the form of larger or smaller granules, they ])ossess no 
definite organized nucleus. They are generally acce])t('d as belong- 
ing to the vegetable kingdom. This is not without some opposition, 
due to the inherent difficulty of the subject, as is so admirably 
])ointcd out by Fischer : “ The terms ‘ animar and ‘ plant’ are collec- 
tive terms invented by laymen to describe familiar living things, 
insects and elephants, mosses and oak trees, and they date from a 
time when such minute beings as bacteria were quite unknown. It is 
therefore as superfluous as it is futile to attempt, as many have done, 
•to detect the distinguishing characters of the ‘animal’ and the 
‘vegetable’ kingdoms among organisms for which these terms were 
nev«r intended. For this reason, Haeckel and others have proposed 
to establish a third dominion, that of the ProtlsUu whieli shall 
include all those fonns in which diiferentiation has not been pro- 
^nounced on the lines of either animal or.jilant dcvelojiment. The 
new group would take up Radiolarians, Flagellata, and Infusoria 
from the animal side, and the Uyanopliycea^ as well as some low 
forms of Algie and Fungi from the ])lants. The border-line between 
protista on the one hand and plants and animals on th® other is— 
it must be confessed— artificial. To these protista, which embrace 
approximately all those forms jaf life we commonly call micro- 
organisms or microbes, the bacteria belong.” 

It is generally stated that the jilant cell difi’ers from the animal 
cell by the possession of a firm and well differentiated wall, wholly 
distinct from the containing protoplasm, whereas tlie boundary 
surface of the animal cell -is more often an outer layer of the proto- 
plasm and not separable from it. IVIoreover, the typical cell wall 
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of plants is usually made up of cellulose or one of its derivatives; the 
outer membraue of the auiuial cell is nitrogenous and where there 
is a hejivy cell wall it is ehitinous. Both of these distinctions break 
down in the case of the lower forms of plant and animal life. 

The “blue-green” alga‘, or Schizophycea*, possess chlorophyll and 
are obviously plants. Structurally, many of these are practically 
identical with bacteria. This constitutes a strong argument for the 
plant affinities of the bacteria. 

Nor is it an easy task to dilferentiatc nicely between bacteria, 
yeasts, and molds. (Generally speaking, typical bacteria, yeasts, and 
molds may be distinguished from each other as follows: Bacteria 
are unicellular, devoid of a definite organized nucleus but con- 



Fl(jr. r>. 'I'o the close relalioiiship of the Iweteria to the Ijliie-Kfeeii algie. 

The figures to the left (.-1 ) are blue-green alga*, those to the right (B) bacteria. Those 
forms most closely resembling each other are lettered alike. A, blue-green alg.Te:' 
a, Aphanocapsa; />, Merismopedia; c, Gleotheea; d, Spirulina; c, Phormidium; /, 
Nostoc. (All adapted from West.) B, bacteria: a, Micrococcus; h, Sarciiia; c, 
Bacillus; d, Spirillum; c. Bacillu.s in chains;/, Streptococcus. (Buchanan’s Household 
Bacteriology.) 


taining nuclear material. -They multiply by transverse fission. At 
times they ant united into filaments or masses, but are usually 
easily separated. Yeast cells are usually, though not always, larger 
than bacteria. Although unicellular they contain a definite organ- 
ized nucleus. They m?y remain united after cell division, but each 
cell constitutes a definite entity. Most yeasts multiply by budding 
—only a few by simple fission. Molds are multicellular, nucleated 
organisms which are usually made up of a mass of interwoven or 
radiating threads consisting of chains of cells. 

Divisions of Plant Kingdom.— Plants are divided into four great 
groups: ^)permatoi)hytes or seed plants, Pkridophytes or fern plants, 
Bryophytes or liver-worts and mosses, and Thallopliytefi or thallus 
plants, This last group has little pr no differentiation of vegetative^ 
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organs, sucJi as stems and leaves. Two groui)s stand out conspicu- 
ously— known as alga* and fungi, but there are other groups whose 
relationship is not so clear. The main divisions of the T/ialhj)hytes 
are (1) Myxomycetes, commonly known as slime molds, or slime 
fungi, which ’combine characters of plants and animals; and (2) 
Schizophytes or fission plants, characterized by cell divisions occur- 
ring in rapid succession which is their only method of reproduction. 
They consist of two groups: the Cyanophycea^ or blue-green alga*, 
and the Schizomycetes, or bacteria. 

The relationship is shown diagrammatically below: 


'riiallophytos -simple, 
undifTerontiatod plants; 
do not develop roots, 
steins or leaves. 


Myxoinyc(‘,tcs -slime molds, or slime fuiiKi. 

I Cyanopliycea; -blue-green 
algiB. 

Schizomycetes — bacteria. 
Algtu, including seaweeds, pond scums, water-silks, etc.; 
contain chlorophyll. 

I Yeasts. 

Molds. 

Mildews. 

Smuts. 

Kusts, etc. 


Occurrence of Bacteria.— Bacteria are ubic|uitous, occurring as 
they do nearly everywhere. They are found in soil to great depths, 
their number decreasing witli the depth and nature of the soil, being 
more numerous in soil containing organic matter than in those 
practically devoid of it. Althougli they occur in the atmosphere, 
it is not their normal habitat, for growth and multiplication cannot 
take place in it under ordinary conditions. The number and kind 
found in air vary with a number of factors, chief among which is 
Ideality. The air of some high mountains is practically devoid of 
bacteria; city and country air also differ from each other in the 
numb^r and kind of bacteria they contain. Other controlling 
factors are moisture, presence or absence of injurious substance, and 
minute particles in the atmo.sphere. 

. Most natural waters contain great nirtnbers of bacteria. In 
sewage and polluted water they are e.specially numerous, but occur 
only in small numbers or not at all in deep wells and springs. The 
kind of organism varies with the composition of the water and with 
the original contamination. Milk as secreted by the mifk glands 
of cows is practically fr(*e from bacteria, but the vessels in which it 
is handled so contaminate it that itfrapidly gains in bacteria. Often 
by the time it reaches the consumer it contains millions in every 
cubic centimeter. In short, all food except that recently cooked 
contains bacteria, the number and kind of which vary with the 
nature and age of the food. 

Living as we do in a world which is teeming with bacteria, we can 

expect to find them on ^he sprface^ gf the skin and mucous mem- 
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brane. Normally, the infant enters the world free from bacteria, 
but they soon begin to settle on the skin; they penetrate the nose 
and mouth; the first respiratory movements and cries carry them 
into the respiratory passages; and between the tenth and seven- 
teenth hour they have reached the intestines. 

Ordinarily, tin* deei>er respiratory passages contain but few 
bacteria, l)ut it has been ]jrovcd that even the tubercle bacillus can 
penetrate with the inspired air to the bottom of the pulmonary 
alveoli. 

On account of its acidity, yeasts and molds flourish better in th(‘ 
stomach than do bacteria. However, at least thirty species of 
bacteria (occurring in the stomach) have been described, many of 
which have attracted s|)ccial attention on account of the })clicf that 
their prt'sence may favor other more injurious sj^ecii's. 

Tlie intestines, on account of their alkaline reaction and the partly 
digested condition of their contents, are a great reservoir of bacterial 
activity. Metchnikolf and others havt^ given an immense amount 
of work to a cojisicha-ation of their function within the body and the 
probable result in their absence. The only conclusion which is 
possible at ])resent is that, living as \\ v are in a world filled with micro- 
organisms, life without them is impossilde. All that can be done is 
to make conditions such that the injurious species are suppressed 
and the beneficial ones favored. Out of this has grown sour-milk 
therapy. 

The normal tissues of plants and the blood and tissues of animals 
are fre(‘ from ba(*teria. They are rarely found on certain healthy 
mucous membranes, such as those of tin; kidiaw, bladder, and 
lungs. Occasionally they pass through the skin or the mucous 
membrane of the digestive tract after which they may be found for 
a short time in the blood. This is especially the case during the 
height of digestion and it probably accounts for the large number 
of leukocytes which swarm itj the intestinal mucosa and which have 
been thought to be in some way associated with the process of fat 
absori)tion. 

In certain diseased conditions the blood and many of the tissues 
of the human body arc found to contain numerous bacteria. Soon 
after death even the saprophytes rapidly invade and decompose the 
body tissues. 

R61e of Bacteria in Nature.- Bacteria play a wonderful role in the 
many transformations going on in this world. Tt is difficult to con- 
ceive of life without them and their hcl]),. Tor the beneficial ones 
we turn first to the soil, for from this--either directly or indirectly— 
man largely draws his food, clotlting, and other necessities of life. 
The soil is not, as many think, a dead, inert mass, but it is teeming 
with life! Botli microscopic plants and animals inhabit it by the 
millions. These have been at work within it long before man began 
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to till the soil. In the formation of soil from the primitive rock, 
bacteria j)layed 410 small part, the changes wrought by the elements 
first giving them a foothold. 

Changes in temperature tear loose huge rocks and break them 
into fragments. It is well known that most substances when heated 
expand and contract in such varying degrees that parts are put 
under a strain. This strain at times is sufficient to cause cracks of 
various sizes to occur in the rock, a result which may be illustrated 
l)y the sudden .cooling of hot glass or the sudden heating of cool 
glass. Throughout the long, hot days of summer rock is heated to 
a comparatively high tem])erature, as the boy who has chased bare- 
foot over their surface in quest of grasshop])ers or butterflies will 
testify. At night they cool. This is repeated day after day. This 
continued heating and cooling gradually causes small crevices to 
appear in even the most resistant. These become filled with water 
and dust; when the cold nights of autumn come the water freezes. 
In freezing, the water expands and the rocks are broken into pieces. 
So it continues day after day and year after year, until the rock 
becomes a fine powder. Even then, however, the plant-food is still 
insoluble and cannot be taken up by the plant. Long before it has 
reached the form of })owder, bacteria begin to grow ui>on the surface 
of the rock and in the crevices. In their growth they form a(;ids 
which act upon the insoluble plant-foods, rendering th(‘m soluble. 
Ihicteria continue their work long after the rocks have been changed 
to soil, each day liberating a little more plant-food for the growth 
of plants during that day. During the year the bacteria are able in 
a fertile soil to liberate enough plant-food for the i)roduction of a 
good crop. When manure is applied, it not only supplies food for 
tlffe growing crop, but it also supplies food for the microorganisms, 
and they in turn liberate more of the insoluble constituents of the 
fine rofk particles of which the soil is mainly composed. There are 
millions of them in every ounce of soil, struggling, to be sure, for 
their \ery existence, but always rendering a little more mineral 
plant-food available. 

One of the essential elements for crop production, and the one 
which is usually in the soil in the smallest quantities, is nitrogen. 
Tliis, unless it be applied to the soil in the form of the costly fer- 
tilizer, nitrates, must be prepared for the plant by bacteria. The 
farmer finds his crops are limited (Jirectly by the speed with which 
these organisms prepare the food for his growing crop. If they 
are active, other things being favorable, he will get a good crop; 
but if they do not play their part, though everything else may be 
ideal, y^t there is no crop. 

Bacteriological examinations of cultivated soils have shown that 
usually those that are richest contain the greatest number of bac- 
teria. he number in the soil is dependent upon the quantity and 
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character of food the bacteria find in the soil. If the soil is rich in 
plant residues— barnyard manures and the like— many bacteria will 
be found there pulling? these substances to pieces, liberating gases 
and acids which act upon insoluble particles of the soil and render 
them soluble. One class of organisms changes the protein constitu- 
ents of the soil into ammonia. This type is called “ammonifiers.” 
A person can often detect their activity from the odor of ammonia 
coming from manure heaps. 

Most plants cannot,how'ever,use nitrogen in the form of ammonia; 
it must be in the form of nitrates. This transformation is brought 
about by two distinct ty]x^s of organisms. One of them feeds upon 
the ammonia produced and manufactures nitrous acid. Should the 
change cease at this point and nitrites accumulate in the soil in 
large quantities, plants would not grow upon it, for this is a i)oison 
to plants. But in soils projxTly cared for only minute quantities 
of nitrites accumulate. As soon as they are formed another ty])c 
of organism feeds upon them and manufactures nitric acid for the 
growing plant. This, when formed, reacts with other constituents 
of the soil, such as limestone. It is then ready to be taken up by the 
plant and manufactured into nourishing food, beautiful flowers, or 
fragrant perfumes for the human family. 

Were it not for bacteria the world in time would be filled with 
never-changing organic matter. The plant residues, trees, and 
animal bodies would remain stored up in the soil, and with it that 
element carbon— which, in the form of carbon dioxid, is required 
by all cldorophyl plants. Bacteria, in getting the energy which they 
napiire in their life activity, are continually liberating carbon so 
that it may start again on its journey of construction. If carbon 
and nitrogen could but speak, what talcs of wonderment they wa)ufd 
tell ! The chemist, the bacteriologist, and the farmer would each be 
wiser, for many of the changes through which carbon and nitrogen 
pass, due either to the action of the lower plants— bacteria— or that 
of the higher plants are so complex that evten the scientist with his 
apparently magical methods cannot follow them. 

So far only the plant-food in the soil and the changes through 
which it i)asses have bc'en considere<i. The farmer, however, is 
usually more conceryed with that substance his soil lacks and which 
must be sujiplied in order to get good crops. In many cases the 
lacking element is nitrogen. Onenotes from the fertilizer quotations 
that the elements will cost fifteen cents a pound or over if pirrchased 
in the form of sodium nitrate, ammonium sulfate, or dried blood. 
If one stops to make a simi)le calculation he finds that it would cost 
fifteen dollars for enough to produce 100 bushels of corn, eleven 
dollars for enough to produce 50 bushels of wheat, and seven dollars 
and fifty cents for enough to produce one ton of alfalfa hay. In 
these calculations it has been assumed that one could get back in 
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the form of corn, wheat, or alfalfa every pound of commercial nitro- 
jreii that has been applied to th<‘ soil, which, on the face of it, is an 
utter impossibility. So we have to look to other means of getting 
nitrogen for our growing crop, and liere again bacteria come to our 
rescue. 

There are seventy-five million pounds of atmospheric nitrogen 
resting upon every acre of land. None of the higher plants, however, 
luivc the power of taking this directly out of the air. One family 
of plants, the Leguininosa’, in which are included peas, Ix'ans, allalfa, 
clover, and many others, if ])roperly infected by l)actcria havT the 
power of using this atmospheric nitrogen. I nder this condition 
and with these ])lants nitrogen no longer naiiains the limiting cle- 
ment of crop ])roduction. For these microscopic organisms which 
liv(‘ within small nodules upon the alfalfa an' master chemists. 
Within their tiny laboratory they can bring about changt's which 
man can imitate but imperfectly with costly machinery and under 
the action of powerful electric currents. In some of the ex])eriments 
carried on at the Illinois Experiment Station these minute organisms 
were found to be able to increase the value of the first cutting of 
alfalfa hay $27.80 an acre, if the nitrogen in the alfalfa Ix' counted 
only at the same price as we would have to pay on the market for 
an equivalent quantity of nitrogen in the form of a commercial 
fertilizer! If these crops be plowed under the fertility of the soil 
would be increased to just that extent. One writer has said of them: 
^‘They not only work for nothing and board themselves, but they 
])ay for the privilege. ” This is strictly true, for all they require is a 
plant on which to grow and a well-aerated moist soil containing 
linjestone. They cannot work in an acid soil. 

There is another class of nitrogen-gathering organisms within the 
soil whj^'h dill'ers from the above in that they live free in the soil 
and gather nitrogen, ( nder ideal conditions they may gather 
a])preciable quantities. 

It is quite possible that much of the bepefit derived from the 
summer fallowing of land is due to the growtn within the soil of this 
class of organism which stores up nitrogen for future generations 
of j)lants. It has been found that they are more active and fouiifl 
in greater numbers in such a soil. All the work tjiat the farmer puts 
upon the soil to render it more porous reacts beneficially upon these 
organisms, because they not only iove atmosi)heric nitrogen and 
oxygen, Init musi: have them. These elements are absolutely essen- 
tial to their life activities and they must be obtained from within 
the soil since the minute organisms cannot live upon the surface for 
the direct rays of the sun kills them in a short time. 

But these are only a few of the many that help the farmer. 1 hey 
are at work in his silo rendering the feed more })alatablc and nutri- 
tious for his cattle. They are working in his milk and cream, and 
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if they he tl»e ri^lit kind they give to butte?* and cheese a desirable 
davor. They take part in the tanning of leather, the retting of flax, 
the curing of tobacco, and, in short, they help us in a hundred and 
one ways we little suspect. One of the most fascinating and instruc- 
tive tasks set for man is to learn how to increase the work of the 
beneficial bacteria and to suppress or entirely weed out the injurious 
bcacteria. 

Divisions of Bacteriology.— Bacteriology, although one of the 
youngest of sciences, is no longer confined to one branch which can 
be adequately covered by one text or its whole field covered by any 
one individual, but is, as are the other sciences, divided into a 
number of divisions each dealing with a certain phase of the subject. 
The main divisions are: 

1 . Agricultural bacteriology which deals with the bacteria of the 
soil and their relation to plant life. 

2. Dairy bacteriology which deals with the bacteria of milk and 
tlu'ir relations to dairy products such as pure milk, butter, and 
clieese. 

Ik Industrial bacteriology, which considers the use of bacteria in 
th(‘ arts and which also deals with methods of suppressing injurious 
liacteria and favoring tlu^ beneficial. 

4. Plant iiatiiology which deals with the cause and prevention of 
those diseases that attack plants by invading their tissues. 

5. Animal pathology which deals with bacteria in relation to the 
diseases of the lower animals. 

f). Human pathology .which deals with the distribution, mor- 
])hology, j)hysiology, and ])athologieal changes j)roduced by bacteria 
which are pathogenic to man. 



CIMPTKU 111. 

MORPITOLCKiY OF RAcn’FRTA. 

In shape, bacteria liave the very simplest conceivable structure, 
and although there are thousands of dilferent kinds dilTering iii 
properties, they all have one of three general forms: rod-shaped, 
spherical, or spiral. 

Bacilli.— The rod-shaped organisms, which may l)e compared to 
a lead pencil, are cylindrical organisms in which a longer and shorter 
dimension may be recognized. They are the bacilli (sing, bacillus). 
The ends of the organisms may be convex, less often flat or even 
concave. The size also varies, some being so short that it is next 
to impossible to tell whether they are rods or globular organisms; 
others are comparativel\' long. 
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Fig. 6.— llic normal types of bacteria. 16, cocci; 7-lS, bacilli; 14 W, spirilla; 
i, microTOCCUS; 2 and 3, diplococci; 4 , tctracoccus; 6, sarcina; 6, streptococcus (tlie 
lower ch^n includes an arthrospore) ; 7 and 8, bacilli; 9, 10, 12 and IS, bacilli with 
various granules; 11, strcptobacillus; 14, vibrio; 16, spirillum; 16, Spirocheta trevo- 
nerna. (Kendall.) ^ 


Cocci. he cocci (sing, coccus) are typically spherical and may 
be likened to a ball or at times to an egg. They may in the early 
stages of cell division appear temporarily as bacilli with convex ends. 
I hey often occur in pairs, diplococci, in which case usually their 
proximate surfaces are flattened. Tliis flattening of the organism 
may at times be accompanied by an elongation of the axis of the 
organisms parallel to the plane of opposition. This leads to the 
coflee-bean shape exemplified in the gonococcus and miningococcus. 
At other times we have the flattening perpendicular to the plane of 
the flattened surface as seen in the “lance-shaped” pneumococcus, 
the cocci may be large or small and group themselves in various 
ways. 
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Spirilla. TIk' third j^roiij) is tlic s])irilla (sin^. spirilluni) and nu^' 
1)(‘ likt'iu'd unto i\ corkscivw. The spiral may ho loosely or tightly 
coiled or tlu'n* may be one, two, or many eoils. At times the curve 
may be so slight that the organism viewed under the mieroseope 
appears “ eomma-sha])e(l.’’ 

More bacilli are known than cocci and more cocci than spirilla. 
Migula enumerates SAA bacilli, 343 cocci, and Db spirilla, a total of 
1272. Other workers Uaw tabulated more with a similar ])ropor- 
tional distribution among the various groups. 

Gradations. Tin' dilference between these fundamental types is 
at times very slight. In fact the cocci often merge into the bac*illi 
and the bacilli into the spirilla. It is often difficult accurately to 
distinguish between the various grou[)s, as is exemplified by the 
fact that at times IL prodigious has been described by one investi- 
gator as a coccus and at another time by a different worker as a 
bacillus. This same condition holds for the pneumonia germ and the 
one causing pear blight, whereas the cholera organism has been 
described both as a bacillus and a spirillum. 

Pleiomorphism. By ])leiomor])hism is meant a ])ermanent or 
semipermanent change in the normal form of the organism, d'he 
organism may at one time rt'present a (*occus, at another a bacillus, 
and at still another a spirillum. This led the early writers to believe 
that there was a mutability of species. The condition is especially 
likely to occur among some soil organism and much light has been 
thrown on the subject by Lbhnis who finds the life history of bacteria 
to be onl,v slightly less complex than that of other organisms. 





Fkj. 7. "Involufitin forms from bacilli. (From Flliggo.) 

Involution Forms.— Although the form of bacteria is quite constant 
under normal conditions, yet there is a tendency with many organ- 
isms, especially when grown for some time on artificial media, to 
show abnormal or l)izarre forms. Such organisms are known as 
involution forms. Some of the rod-shaped organisms may appear 
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as dubs many times larger than the ordinary, or they may appear 
as erosses or stars. The formation of large eliil)-sha]>e(l organisms 
is very eharaeteristie of the organism which causes diphtheria, 
whereas the formation of eross(\s-, stars, and the like is chanicteris- 
tic of the organism which grows in the roots of alfalfa. Some writers 
have considered them degenerate forms and compared them to the 
“ lame and halt” in the human six^cies. This, however, is hardly an 
apt illustration, for these peculiar shaped organisms have all of the 
powers possessed by others and if they found their way into the 
body of an animal, they would be just as likely to produce the dis- 
ease which is eharaeteristie of the organism as would the ones with 
the normal shape. 

In some cases this eharaeteristie has ser\’cd as a valuable aid to 
the differential diagnosis of the organism. This is especially true 
with the plague bacillus which, when grown on nutrient agar con- 
taining from 2.5 to 3.5 per cent, of sodium ehlorid, is prone to give 
rise to involution forms. 

Size and Weight. The unit of measurement in microscopy is the 
micron (/i), or micromillimcter. This is O.OOl of a millimeter or 
approximately J do bich. The majority of the organisms 
vary from 0.2ju up to 3()ju or 40jLi. They are smallest in the case of 
the cocci and largest in the case of the spirilla. 

Although there is a great variation in the size of bacteria, all are 
extremely small; even the largest are not visible to the naked eye. 
The smallest are l)eyond the range of our most powerful micro- 
scopes, and others appear as mere dots. The Pfeiffer bacillus, the 
one which was thought to cause influenza, are rod-shaped organisms, 
and if they be placed end to end it would take fifty thousand of 
them to reach one inch, or it would require about fifteen thousand of 
the bacteria which cause typhoid to form a line one inch in length. 
Of tliQ very largest known it would require seven thousand to reach 
an inch. Wt; often magnify bacteria one thousand times and then 
they appear as dots under the microscoiKj, but if we would magnify 
a man to that extent he would appear to be six thousand feet tall 
and fifteen hundred feet wide. Bacteria are so small that at times 
we find five millions in a small drop of milk and yet they have 
plenty of room to move about, for it would require one hundred and 
twenty-five billion to weigh the same as a drop of milk. 

A person may wonder, since bacteria are so small, how they can 
bring about such enormous changVJS, for it takes but a short time 
for them to tear to pieces the bo<ly of a large animal that has died. 
All know how fast various plants and fruits decay under appro- 
priate conditions. Decay is due to bacteria. One organism could 
of itself bring about only a small change, but they multiply with 
almost inconceivable rapidity. The bacilli grow until they have 
reached a certain length, then divide into two, and these in turn 
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grow to maturity and tlicn divide. Some of them may remain 
linked together, and hence appear as long chains. 

In the case of the cocci, they may divide into two and remain 
linked together as diplococci or a great many may remain connected 
together, thus giving the appearance of a string of beads; Strepto- 
coccus. This is the characteristic of the common blood-poison 
organism. Other spherical shaped organisms divide alternately in 
two j)lanes and when they remain connected together and great 
masses are formed they resemble a bunch of grapes; Staphylococcus. 
This is a characteristic of the common boil-causing organism. Still 
others of the spherical organisms divide alternately in three planes 
and when they remain connected appear very similar to a bale of 
cotton; Sarci/ua. This is a characteristic of many of the organisms 
found in air. 

It has been estimated that if bacterial multiplication went on 
unchecked, the descendants of one cell would in two days number 
281, 500, OOO, 000, and that in three days the descendants of this 
singde cell would WTigh 148,356,000 pounds. It has been further 
estimated by an eminent biologist that if proper conditions could 
be maintained for their life activity, in less than five days they 
would make a mass which would completely fill as much space as 
is occupied by all of the oceans on the earth’s surface, if the water 
has an average depth of one mile! 

Even in the face of these assumptions one need not fear, for bac- 
teria have been on this earth, and have been multiplying probably 
long before the advent of man, and as yet the earth has not been 
filled by them. This is due to there being a struggle among them, 
just as there is among higher plants and animals. One knows that 
if wheat be sown too thick, none of it will mature. Sometimes it is 
a lack of food, other times a lack of sunshine, at still other times it 
is a lack of moisture which prevents the growth. So it ik with 
bacteria, the food or water may give out, but more often it is the 
products which they form that prevent them from continuing to 
multiply. 

Brownian Movements.— If one examines under a microscope a 
suspension or colloidal solution containing particles about 1/z in 
diameter, they are seen to be in motion oscillating through a dis- 
tance about equal to their own diameter. With smaller particles 
the oscillation is much greater proportionately. When the diameter 
is about 4/4 the motions are hardly perceptible. The mean velocity 
for a particle of platinum weighing 2.5 x 10*^^ gm. has been estimated 
to be 3 X 10 2 cm. per second at ordinary temperature. These 
smaller particles often travel in straight lines and suddenly change 
their direction. Zsigmondy, describing the movement of the gold 
particles in a gold hydrosol, compared them to a swarm of dancing 
gnats. This interesting phenomenon is called '‘Brownian Move- 
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rnent” from Robert Brown (1773-1858), an English botanist, wlio 
first observed tliem in 1827 when studying grains of pollen. Observa- 
tions made by ingenious methods upon the Brownian movements 



of colloidal suspensoids are exactly what the kinetic theory indi- 
cates would be the behavior of molecules of that size. Botli dead 
and non-motile bacilli show this movement as do also small particles 
freely siisi>ended in the liquid. However, many l)a.cteria show a 



Fia. 10.— Bacillus proteus vulgaris, showing numerous flagella around the entire body 
of the bacterium. (Herzog.) 

true independent motion and if watched the organism will be found 
to change its position with relation to other organisms. This is 
known as “vital movement.” 
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The speed witii whieli tliey travel, hein^^ maj^nified to tli(‘ same 
extent as are the orj^anisms, makes them appear to 1)(‘ travelling 
with enormous s|K'ed, insomneh that I/eenwenhoek, who first 
deserihed it, stated that “they setaned to tear throngh each other.” 
44ie aetnal sj)e(“d, however, is not great for the typhoid baeillus 
may travel a distanee of 4 mm. or al)ont 2000 tiiiK's its own length 
in one hour, whereas tlie cholera spirillum has been known to attain 
a s])e(‘d of bS cm. per hour. Some organisms are motile if grown on 
one cultural media, and non-motile if grown on another; for example, 
the colon bacillus is usually motile if examined from young cultures 
grown on gelatin or agar, but non-motile if taken from boullion. 

Organs of Locomotion.- 44ie protoplasmic threads ealled organs 
of loc'omotion are flagella or cilia. A cilium dilfers from a flagellum 
in that the former has a simple curve whereas the latter has a com- 
pound curve, like a whip lash. The size, the number, and the 
arrangement of the flagella are characteristic of the organism. 
Most bacteria possess flagella rather than cilia. Differences exist in 
respect to the number and position of the flagella on the cell })ody. 
Some forms possess only a single flagellum at one pole and are 
called monotricha, others a flagellum at each ])ole (aniphitricha), 
others a tuft of flagella at one pole (lophotricha), otliers flagella 
projecting from the whole body of the cell (tx^ritricha) ; and still 
others possess no flagella and are known as atricha. 



Fig. 11 . -Fnciiinococci with unstained capsules. From pneumonia sputum, 
stained with carbol-fuchsin and differentiated with weak acid alcohol. Magnifica- 
tion 1000. (KarK and Schmorl.) 

Cell Wall (Ectoplasm).— The cell wall is the slightly differentiated 
outer portion of the cell substaiK;e. Many writers prefer to call it 
“ectoplasm.” Early in the history of bacteriology it was con- 
sidered that the absence of cellulose in bacteria indicated that they 
belonged to the animal rather than to the plant kingdom. But 
cellulose or hemieellulose has been identified in bacteria from pus, 
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H. suhtili'^, tul)(T(‘l(! l)Mcilli, jmkI diplitluTia bacilli. TIowcvtM*, the 
^reat majority of the orj^anisms eoiitaiii ehitin, a substaiiee which 
on hydrolysis yields ^hicosamin, (dlX)ir((41()II);4'nNILCI[(), 
and acetic acid, (’hitiii is t.y])ically animal in orif,nn and for this 
reason some have ar^jjued that the bacteria belonjt to the animal 
and not to the plant kingdom. The flagella probably originate from 
the ectoplasm. 

Capsuies.— Many bacteria possess a capsuh; which is an outgrowth 
of the cell membrane and is composed of nuicin. In stained cultures 
it usually api>ears as a halo surrounding the organism. The forma- 
tion of a capsule is not confined to only a few species, some writers 
arguing that under appropriate (‘onditions all organisms form them; 
yet the so-called capsulates are especially prone to do so. Some 
organisms produce capsules when grown on one media, but not if 
grown on another. Milk especially favors the formation of capsules. 

Sheath.— Often a distinct tube is formed in which is inclosed the 
chain of cells; to this tube is given the name “sheath.” It is espe- 
cially eharaeteristi(; of some of the triehobaeteria as crerwthrir in 
which there is a de[)osition of iron. Sometimes these become fossil- 
ized, occurring in hugh deposits in ferruginous water. 

Zodgloea.— Often the gelatinous matenial of the cell causes great 
masses of cells to adhere to each other, to which condition is given 
the name “zoogloea.” fidiis is esix‘eially characteristic* of the nitri- 
fying bacteria. 

Cytoplasm.— Chemical analysis of the cytoplasm of the bacteria 
cell shows it to be richer in nitrogen and phos])horus than are the 
cells of higher plants. Moreover, on being staiiK'd the cytoplasm 
appears as a homogeneous mass filling the whole c(41, thus making 
it certain that bacteria do not possess a nucleus in the ordinarily 
accepted sense of the term. But the fact that the organisms stain 
so rea^lily with the ordinary iiu(;lear stains has led some to believe 
that the organisms arc made up mainly of nuclear material. This 
is the view held by Zettnow who has suc’ceeded in staining some large 
spirilla in a living motile condition. Hence the idea held by the 
majority of workers at the present time is that the bacterial cell is 
composed of small quantities of cytoplasm in which is imbedded 
large quantities of fragmented, irregularly distributed chromatin. 

Metachromatic Granules.— Some bacteria contain various granules 
within the cell which stain difi'erently from the siil)stance of the cell 
body; these are known as “metachromatic” granules or “Babes- 
Ernst” granules, or because of their frequent position at the ends of 
bacilli as polar bodies. Microchemieal examination has shown them 
to be composed of various substances: fat, suli)hur granules, gly- 
cogen, lecithin, and protein-like compounds. 

Their function has been variously interpreted. Some have com- 
pared them to the centrosomes of more highly specialized cells. 
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Others consider there to be a relatiorisliip between the richness of 
the cell in granules and its virulence. Hill, however, considers that, 
inasmuch as nitrates increase the nitrogen assimilated by Azotoharter 
and the number and size of the volutin bodies, they bear some 
relationship to the organisms’ power to fix nitrogen. Although it 



Fig. 12.— Successive stages in division of BaciUus diphtherve, showing relation of 
line of division to inetachromatic granule. Continuous observation of living bacillus 
drawn without camera lucida. (Williams.) 


is quite possible that they may possess various functions in differ- 
ent organisms, the majority of them would seem to be, as suggested 
by Meyer, reserve food materials which occur in the cytoplasm of 
the cells of various bacteria. Tliey are most numerous in rapidly 
growing young cultures and usually disappear when the food becomes 
scarce. 
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Fig. 13. — 'I’ypes of bacterial spore.?. (Kendall.) 


Spores.— Bacteria possess the power of mobilizing the vital parts 
of their body into a much smaller space than they occupy ffuring 
their normal life. They exclude all of the excess moisture and sur- 
round themselves by a tough resistant coat. In some respects 
this form of the organism resembles the seed of* the higher plant 
and we speak of it as a spore. While in this stage they will with- 
stand many conditions which would quickly prove fatal to growing 
bacteria. Some of them can withstand the temperature of boiling 
water for many hours, or they may survive treatment with strong 
carbolic acid. For the time being tliey have lost the power of mul- 
tiplying, but they are still alive and if they are brought into appro- 
priate surroundings they will change back into normal bacteria just 
as a kernel of wheat changes into the young plant when placed in 
moist soil. It is indeed fortunate for mankind that but few of the 
disease-producing organisms form spores. There are, however, 
many of the bacteria which cause fruit, meat, and various other 
food products to spoil, which do form very resistant spores and this 
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is why many food products liave to be lieated for such a loiifj; time, 
or to such a high temix;raturc to keej) them. 

The manner of formation of s])or(‘s within the body of tlie organ- 
ism is characteristic. Tliey develop within the cell body and hence 
are called “ endosporcs.” They are formed by the bacilli and spirilla, 
but not by the cocci. The beginning of spore formation is marked 
by a granulation of the c('ll contents. As the process proceeds the 
granules become larger and eventually fuse and collect at one por- 
tion of the cell which is then surrouiuh'd by a spore wall. The spore 
may be either smaller or larger than the mother cell. In the latter 
case there is a bulging of the mother cell. Th(‘ s])ore may be equa- 
torial, polar, or i utermediate the cell <le])ending on its position. 

When situated cquatorially and larger than the moth(*r cell it gives 
to it a boat-shape a])j)earance {clodridia). If situated at the pole 
and large, we ha^•e the capitate or druvidick appearance. When 
bacteria are found in chains and spores form in the end, there is a 
tendency for them to occur in adjacent ends of contiguous cells. 
A cell usually forms only one spore; hence, this cannot be considered 
a process of reproduction. 

When the spores are l)rought under favorable conditions of food 
supply, temperature, and moisture they germinate. The })rocess 
ditlers according to species. In some sj>ecies the s})ore ruptures at 
the pole and th(‘ young c(‘ll emerges in such a way that its long axis 
is in the same direction as the long axis of the si)ore, thus leaving 
the spore membrane still visible at one of the poles. In other species 
the spore germinates e(|uatorially and the young (ell emerges with 
its hmg axis at right angles to the long axis of the s])ore. In still 
other species there is no ruj)turiiig of the s])ore, but germination 
occurs by a gradual elongation and absorption of the spore. 

Longevity of Bacteria.- Due to their method of multiplication 
there fs no such (ondition as old age among bacteria since both 
daughter cells are similar in age and composition. It is well known 
that while in the spore condition many organisms can survive for 
over two decades. Both the spore-forming and non-spore-forming 
organisms have been obtained from soil which had been kei)t in 
bottles in an air dry condition for more than fifty years. Recently 
Sarcina liitea and other well-known air organisms have been obtained 
from a Mastodon uncovered by the recession of the ice in Siberia. 
This animal must have been covered for hundreds of years. This 
would, therefore, seem to indicate that the longevity of bacteria 
may be extremely great. 
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TiiK (liHicultics inherent in the classification of bacteria arc 
numerous and, due to the small sim])le structure of the organism, 
cannot be worked out on a ])urely morphological basis as is the 
case with the higher plant. Mon'over, ])hysiological characteristics, 
such as pigment production whicdi at first sight may ai)pear useful 
are not constant. Even morphology of l)acteria was not considered 
constant until 1872 at which date ('ohn established upon mor- 
phological bases a classification which with minor changes has been 
retained until the present. Bacteria play a part in many fields of 
activity, and hence the criteria whereby they are recognized vary 
greatly according to the art or science in which they are studied, 
ddiis has led to considerable confusion in classification and nomen- 
clature as is so admirably pointed out by Jordan. 

“The i)resent nomenclature of l)acteriology may be criticized 
on two grounds: first, as already ]>ointed out, for the unwieldy 
size that certain ‘genera’ have been allowed to assume; and second, 
for the haphazard way in which trinomial and even quadrinomial 
names have been bestowt'd. Such names can be jn-operly em])loyed 
only with reference to subspecies or varieties; and designations, like 
li. roll communia, (jrcuinlobariliu.s sarrfuir()hidryicus mahllis non- 
luiurjarlrus and Micrococcus acidi paralacticl llqucfacicus HaJerisiy 
are both cumbersome and unscientific. The use of a single genus 
name for a multitude of organisms is in fact responsible fpr the 
tendency toward trinomial nomenclature, and the remedy for both 
conditions would seem to lie in the abandonment of such a term as 
Ihicillus for the name of a genus and the frank establishment of 
new genera on the basis of i)hysiological characters, such, for example 
as distinguish the colon-typhoid group or the diphtheria group of 
bacilli. Fntil some such reform in nomenclature is brought about 
the names used to designate dilferent kinds of bacteria will fail to 
make clear the group relationships which undoubtedly exist, and 
will continue to be a stumbling block to all students of the subject.” 

The classification most commonly accej)ted at the present day 
is that formulated by Migula. This, with certain modifications, is 
given below. 

Bacterid, Sckizomycetes, fi.ssion fungi (chlorophyll-free), cell divi- 
sion in one, two or three ])lanes; many varieties possess the power 
of forming endospores. Whenever motility is present, it is due to 
flagella, or more rarely to undulating membranes. 
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Family I. -CWcamr— cells in free state spherical; division in one, 
two or three planes; endospore formation rare. 

Genus 1.— cells divide in one i)Iane only for which 
reason; if they remain connected after fission F^ead-like chains may 
he formed; no organs of locomotion. 

(ieniis 11. — J//cm6*oec?^.s* (*S7ri/>/z7//ococc//.v)— cells di^'ide in two 
])laiies, whercb\', after fission, tetrad and grape-like clusters may he 
formed; no organs of locomotion. 

(Jenus III. S(ircina—vv\h divide in three planes, whereby, after 
fission, bale-like jiackets are formed; no organs of locomotion. 

(ienus IV. — /Va»ccocc*//.v— (ells divide, in two jilanes, as in Micro- 
coccus; ])ossess flagella. 

Genus V. IHaiiasaichia- cv\h divide in three iilanes, as iniSur- 
cina; posses flagi^lla. 

Famht II.— yiuc/cr/nccre— cells long or short; (ylindrical, straight 
never spiral; division in one ])lane only, alter preliminary elongation 
of the rods. 

Genus 1 . Bactennm (ells without flag(‘lla;often with endosiiores. 

Genus II. liacfllus - vc]h with peritrichal flagella; oftiui with 
eiidospores. 

Genus 111. Pseudonioitas- {v\U with polar flag(dla; eiidospores 
occur in a few species but are rare. 

FaxMITA’ 111. Spirilhicc(p cv]h spirally curved or lepie.senting 
a ])art of a spiral curve; division in one idane onlv, after elongation 
of cell. ‘ • 

Genus J.—Spirosoma cells without organs of locomotion; rigid. 

Genus II. — cells rigid, with one or more rarely, two 
or three polar undulated ftag(‘lla. 

G('nus III.— (Sp/nV/Mw— cells rigid, with ])olar tufts of five; to 
twenty ^flagella usually curved in semicircular or Hat undulating 
curves. ** 

(lenus I\ .— (Sp/mc/ar/a cells sinously flexible; organs of loco- 
motion unknown, perha})s a marginal undulating membrane. 

Family IV. ~(Pila)ny(lobacteriacc(r--¥orim of varying stages of 
ev()luti()n, all possessing a rigid sheath, which surrounds the cells; 
eells united in branchecl or unl)ranche(I threads. 

fienusl. (ellsunit(‘(l in simple, uiibranched threads; 

division in one plane only; reproduction by non-motile coniclia. 

Genus 1 1. --G Wo//? ri.r- cells united or pseudodichotomously 
branching threads; division in one j>lane only; vegetative ihultipli- 
eation by separation of entire branches; reproduction by swarming 
forms with polar flagella. 

(lenus III.— CVm?//?r/.r— cells united in uiibranched threads; 
division at first in one plane only. Later the cells divide in all three 
planes; the daughter cells become rounded and dcN'elo]) into repro- 
ductive cells. 
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(icnus lY , Fhragmidi()thrix--Qdh at first united in unbranched 
threads, dividing in three planes, thus forming a rope of cells; later 
some of the cells may penetrate through slieath and thus give rise 
to branches. 

Family Y.— B egg isatoacea- cells united in sheathlcss threads; 
division in one direction of space only; motility by undulating mem- 
brane as in Oscillaria. 

Genus l.--Thiothrix- unhimchcd, noiwnotile threads, inclosed 
in fine sheaths; division of cells in one plane only; cells contain 
sulphur granules. 

Genus ll.—Beggiatca— cells with sulphur granules. 

The difficulties inherent in this classification and especially the 
needs of reform to the agricultural bacteriologist are seen from the 
following : 

“Many workers in medical bacteriology and in other special 
fields of applied microbiology, who deal with only a few well- 
recognized species, may perhaps feel no need for any change in 
current practice. Few can deny, however, that it is a serious 
inconvenience for such names as B. ivelchii, B. SRcrogenes, B. per- 
fringens to be used by various workers, sometimes for the same, 
sometimes for different organisms, or for the same form to be 
descril)ed as Bacteriuiii lactis aerogenes or Streptfjcoccas lacticus 
when it is isolated from milk and as Streptacoccus salimrius or 
Sir. f f calls when it is isolated from the human mouth or intestine.’’ 

“When one passes from a study of the practical effects of the 
activity of some particular microbe to a consideration of its relation- 
ship to other forms it becomes essential npt only to have a name 
for each kind of organism but to have also a system of nomenclature 
which will make it possible to express such relationship with reason- 
able clearness and accuracy. 

“This need is met by the Linnaean system of classification uni- 
versally adopted by all biologists outside our own limited and sys- 
tematically undeveloped fields. According to this Linnaean system 
each recognizable kind of plant or animal receives a binomial 
Latinized name, the first half designating the genus or group to 
which it belongs and the second half the particular kind or species 
to which the name applies. The genera in turn are grouped in 
tribes, the tribes in families, the families in orders, and the orders in 
classes. These divisions will often be artificial and often of greatly 
unequal size and importance in different groups. They make it 
possible, however, to express in a simple manner the essential facts 
of biological relationship— the fact that A, B, and C are more 
nearly related to each other than are any of them to I), E, and F; 
and that the series A-F exhibits common relationships closer than 
any similarities which its members bear to G or H. 

“If such a system is accepted it is in the next place important to 
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make sure that each group, from species to class, shall bear a single 
universal name. The name need not be appropriate; it need only 
be stable. It is an arbitrary label, not a description. If the door 
be once opened to criticism on tlie ground of inappropriateness, 
stability must disappear. 

‘'It is in order to ensure uniformity and stability of nomenclature 
that the International Codes referred to have been formulated; and 
it is to the International Rules of Botanical Nomenclature (1910) 
that we, as bacteriologists, should naturally turn for guidance. 

“Leaving out a great many minor rules and recommendations, 
the most important of the rules which would affect bacteriological 
practice may be cited as follows: 

Chapter I, Article 7.— “Scientific names arc in Latin for all 
groups.” 

Chapter II, Article TO. -“Every individual plant belongs to a 
species (species), every species to a genus (genus), every genus to 
a family (familia), every family to an order (ordo), every order to a 
class (classis), every class to a division (divisio)” 

(Tiapter III, Section 1, Article 15. -“Each natural group of 
plants can bear in science only one valid designation, namely, the 
oldest, provided that it is in conformity with the rules of Nomen- 
clature and the conditions laid down in Articles 19 and 20 of 
Section 2.” ‘ 

(diapter III, Section 2, Record iii.— “Orders are designated 
preferably by the name of one of the principal families, with the 
ending ales.” 

Chapter III., Section 3, Article 2L~“ Families (famdup) are 
designated by the name of one of their genera or ancient generic 
names, with the ending acea\” 

Chapter III, Section 8, Article 23.— “Names of subfamilies 
(suhfaMice) are taken from the name of one of the genera in the 
group, with* the ending oidece. The same holds for the tribes 
(trilms) with the ending em and for the subtribes (suhtrihus) with the 
ending ince.” 

Chapter III, Section 3, Article 24.- “Genera receive names 
(substantive adjectives used as substantives) in the regular singular 
number and written with a capital letter which may be compared 
with our own family names. These names may be taken from any 
source whatever and may even be composed in an absolutely 
arbitrary manner.” 

Chapter III, Section 3, Article 26.— “All species, even tho.se that 
singly constitute a genus, are designated by the name of the genus to 
which they belong, followed by a name (or epithet) termed specific, 
usually of the nature of an adjective (forming a combination of two 
names, a binomial or binary name).” 

Chapter III, Section 3, Article 26, Record viii.— “The specific 
4 
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name should in general give some indication of the appearance, the 
characters, the origin, the history or the properties of the species. 
If taken from tlie name of a person it usually recalls the name of the 
one who discovered or described it, or was in some way concerned 
with it. 

Chapter JII, Section M, Record x.~-“ Specific names begin with a 
small letter except those which are taken from names of persons 
(substantives or adjectives) or those which are taken from generic 
names (substantives or adjectives).” 

The classification suggested by the Committee of the Society 
of American Racteriologists has many points of merit to the agri- 
cultural bacteriologist. The classification in brief is as follows: 

THE CLASS SCHIZOMYCETES. 

Minute, one-celled chlorophyll-free, colorless, rarely violet-red or 
green-colored plants, which ty])ically multiidy by dividing in one, 
two, or three directions of space. The cells thus formed are usually ’ 
spherical, cylindrical, comma-shaped, spiral, or filamentous and are 
often united into filamentous, flat, or cubical aggregates. Filament- 
ous species often surrounded by a common sheath. The cell plasma 
generally homogeneous without a morphologically differentiated 
nucleus. Reproduction by simple fission. In many species resting 
bodies are produced, either endospores or gonidia. Cells may be 
motile by means of flagella. 

A. Order Myxob^cteriales.— ( ells united during the vegetative 
stage into a pseudojjasmodium which passes over into a highly- 
developed cyst-producing resting stage. 

R. Order Thiobacteriales.— (’ells free or united in elongated fila- 
ments. Typically water forms, not cultivable on ordinary media. 
Life energy derived mainly from oxidative i)rocesses. (^ells typi- 
cally containing either granules of free sulfur or bactfiriopurpurin 
or both, usually growing best in the presence of hydrogen sulphid. 

C, Order Chlamydobacteriales.— Cells normally united in elongated 
filaments, often showing false but never true branching. Typically 
water forms. Sulphur and bacteriopurpurin are absent. Iron often 
present and usually a well-marked sheath. 

1). Order Actinomycetales.- (’ells usually elongated, freciuently 
filamentous and with a decided tendency to the development of 
branches, in some genera giving rise to the formation of a definite 
branched mycelium. Oils frequently show swellings, clubbed, or 
irregular shapes. No pseudoplasmodium. No deposits of free sul- 
phur or iron. No bacteriopurpurin. Endosjmres not produced, but 
conidia developed in some genera. Usually (jram-positive.‘ Non- 
motile. Some species are parasitic in animals or plants. Not 
water forms. Complex proteins frequently required. As a rule 
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strongly aerobic (except for some species of Actinomyces and the 
genera Fusiformis and Leptotrichia) and oxidati\’e. (Irowtli on 
culture media often slow; some genera show mold-like colonies. 

Family L— Filainentous forms often branched 
and sometimes forming mycelia. Conidia sometimes present. 
Some species parasitic. 

(lenus l.-^Actinohacillns.—Vihmvnt formation, resembling strep- 
tobacilli. In lesions no mycelium formed, but at peripheries finger- 
shaped branched cells are visible. (Irani-negative. Not acid-fast. 
Type species, Act. Lignierrsi. 

(leiius 2.- Leptotrichia. Tluck, long, straiglit or curved threads, 
unbranched, frequently clubb(‘d at one end and tapering to the other. 
(1 ram-positive when young. Threads fragment into short, thick 
rods. Anaerobic or facultative. Non-inotile. Filaments sometimes 
granular. No ath'ial hyphie or conidia. Parasites or facultative 
parasites. Type species, Lep. hnccalis. 

(tenus ik - (Irgaiiism growing in form oC a much- 

branched mycelium which may break up into segments that func- 
tion as conidia. Sometimes parasitic, with clubbed ends of radiating 
threads conspicuous in lesions in animal body. Some species are 
micro-aerophilic or anaerobic. Non-motile. Type species, Act. 
bpvis Harz. 

Genus 4.-- Erysipehthrir. Uod-shaped organisms with a ten- 
dency to the formation of long filaments which may show branching. 
The filaments may also thicken and show characteristic granules. 
No spores. Non-motile. (Irarn-positive. Do not produce acid. 
Micro-aerophilic. Usually ])arasitic. Tyjie spccaes, Bacillus 
rhu.nopathm suis Kitt 1893; Mycobacterium rliusio'pathiw C’hester 
1901; Erysipelothri.r porci llosenbach 1909, the causal organism of 
swine erysipelas. 

Family jl.~-iliycohacfcr/acm’.- Parasitic forms. Hod-shaped, 
frequently irregular in form but rarely filamentous and with only 
slight and occasional branching. Often stain unevenly (showing 
variations in staining reaction within the cell). No conidia. 

Genus l.--Mycobacterium.S]emkr rods which arc stained with 
difficulty, but when once stained are acid-fast. Gells sometimes 
show swollen, clavate, or cuneate forms, and occasionally even- 
branched cells. Non-rnotile. Gram-positive. No endospores. 
Growth on media slow. Aerobic. Several species pathogenic to 
animals. Type species, Mycobacterium tuberculosis. 

Genus 2.~Corynebacterium.~-S\endev, often slightly curved, rods 
with tendency to club and pointed forms, branching cells reported 
in old cultures. Barred uneven staining. Not acid-fast. Gram- 
Iiositive. Non-motile. Aerobic. No endospores. Some pathogenic 
spedes produce a powerful exotoxin. Characteristic snapping 
motion is exhibited when cells divide. Tyjie species, Cornynebac- 
teriim diphtheruB, 
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Genus Z.—Fusiformis.—OhWgnte parasites. Anaerobic or micro- 
aeropbilic. (Jells frequently elongate and fusiform, staining some- 
what unevenly. Filaments sometimes formed; non-branching. 
Non-motilc. No spores. Growth in lal)oratory media feeble. 
Type species, Fusiforriiis termitldis lleelling. 

Genus 4:.~Pf(nfferella.--Non-m()t\h rods, slender, Gram-nega- 
tive, stain poorly, sometimes forming threads and showing a ten- 
dency toward branching, (lelatin may be slowly liquefied. Do 
not ferment carbohydrates. (Jrowth on potato (*haracteristically 
honey-like. Type si>ecies, Ffeifferella mallei. 

E. Order Eubacteriales.-- The order Euhacteriales includes the 
forms usually termed the true bacteria, that is, those forms which 
are considered least differentiated and least specialized. The cell 
metabolism is not primarily bound up with hydrogen sulphid or 
other sulphur compounds, the cells in consequences containing neither 
sulphur granules nor bacteriopurpurin. The cells apparently do not 
possess a well-organized or well-differentiated nucleus. These 
organisms are usually minute and spherical, rod-shaped or spiral, 
in most genera not producing true filaments, and rarely branching. 
The cells may occur singly, in chains, or other groupings. They 
may be motile by means of flagella, or non-motile, but they are never 
notably flexuous. Cell multiplication occurs always by transverse^ 
never by longitudinal, fission. Some genera produce endospores, 
particularly the rod-shaped types. Conidia are not observed. 
Chlorophyll is absent, though the cells may be pigmented. The 
cells may be united into gelatinous masses, but they never' form 
motile pseudoplasmodia nor develop a highly specialized cyst- 
producing fruiting stage, such as is characteristic of the Myxo- 
hacteriales. 

Family l.—iVifro 6 acterface(e.— Organisms usually rod-shaped 
(sometimes nearly spherical in Nitrosomonas and possibly mAzoto- 
hacter). (Jells motile or non-motile. Branched involution forms in 
lihizohiuin and Acetobacter. Endospores never formed. Obligate 
aerobes, capable of securing growth energy by the direct oxidation 
of carbon, hydrogen, or nitrogen, or of simple compounds of these. 
Non-i)arasitic (except in Genus jR/ii 2 o 6 mm) -usually water or earth 
forms. 

Tribe l.--Aifro 6 acfereff.— Organisms deriving their life energy 
from oxidation of simple compounds of carbon and nitrogen (or of 
alcohol). 

Genus l.—Z/ydrogfenowomw.— Monotrichic short rods capable of 
growing in the absence of organic matter and securing growth energy 
by the oxidation of hydrogen (forming water). Kaserer (1905) who 
first desA^pd the organism states that his species will also grow well 
on a vaneity^-bf organic substances. Type species, Hydrogenomonas 
pantetropha (Kaserer 1906) Orla-Jensen. Nikleuski (1910) described 
two additional species, H. vitrea and H. flava. 
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Genus 2.—Methmio7n(mas.-—M()mir\c\\\c sliort rods capable of 
growing in the absence of organic matter and securing growtli 
eiKTgy by the oxidation of methane (forming carbon dioxid and 
water). Type species, Meth. mdhmiica. 

Genus 3.— Gar/;o.r?/do7»o?m.?. - Autotrophic rod-sha])ed cells (!a]> 
able of securing growth energy l)y the oxidation of carbon monoxid 
(forming carbon dioxid). Tyi)e species, Carh. oUgocarhopfiila 
(Beijerinck and van Delden (1903) Orla-Jensen is described as non- 
motile. 

Genus A.- -Acetohacter. —Colh rod-shaped, frcciucntly in chains, 
lion-motile. Gells grow usually on the surface of alcoholic solutions 
as obligate aiTobes, securing growth energy by the oxidation of 
alcohol to acetic acid. Also capable of utilizing certain other carbo- 
naceous compounds, as sugar and acetic acid. Ekingated, filament- 
ous, club-shaped, swollen, and even-branched cells may occur as 
involution forms. Type species, Ace. (weti. 

Genus b.- - Nitrosomonas. —Ce\h rod-shaped or siiherical, motile, 
or non-motile, if motile with polar flagella. Capable of securing 
growth energy by the oxidation of ammonia to nitrites. Growth on 
media containing organic substances scanty or absent. Type sjiecies, 
Nitro. europaa Winogradsky. 

• Genus G.— Nitrobacter.—CGlh rod-shaped, non-motile, not grow- 
ing readily on organic media or in the presence of ammonia, (.’ells 
capable of securing growth energy by the oxidation of nitrites to 
nitrates. Type species, Nitro. Winogradskyi. 

Tribe 2.~Azoiobacterew (Nitrogen-fixing organisms). 

Genus 7. -- /I sotofcacter.— Relatively large rods, or even cocci, 
sometimes almost yeast-like in appearance, dependent primarily 
for growth energy upon the oxidation of carbohydrates. Motile or 
iion-mj)tile; when motile, with tuft of polar flagella. Obligate 
aerobes usually growing in a film ui)on the surface of the culture 
medium. C’apable of fixing atmospheric nitrogen when grown in 
solutions containing carbohydrates and deficient in combined nitro- 
gen. Type species, Azotobacter chroococcmn Beijerinck. 

Genus 8.- - Rhizohnm.—Mhmte rods, motile when }'oung. Invo- 
lution forms abundant and characteristic when grown under suitable 
conditions. Obligate aerobes, capable of fixing atmospheric nitrogen 
when grown in the presence of carbohydrates in the absence of 
compounds of nitrogen. Produce nodules upon the roots of legu- 
minous plants. Type species, R. legimiinosarmi Frank. 

Family ll.—Pseiidomonadaceoe.— Rod-shaped, short, usually 
motile by means of polar flagella or rarely non-motile. Acrobie and 
faeultative. Frequently gelatin liquefiers and active ammonifiers. 
No endospores. Gram stain variable though usually negative. 
Fermentation of carbohydrates as a rule not active. Frequently 
produces a water-soluble pigment which diffuses through the medium 
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as green, blue, purple, brown, etc. In some eases a non-diffusible 
yellow pigment is formed. Many yellow species are plant parasites. 

Genus l.“P6*cwdo7/n>7m.?.— Characters, those of family. Type 
species, P.s*. aeruginosa (Schroeter) Frost? 

Family III.— Cells elongate, more or less spirally 
curved. Cell division always transverse, never longitudinal. Cells 
non-dexiious. I 'sually without endospores. As a rule motile by 
means of polar flagella, sometimes non-motile. Typically water 
forms, though some species are intestinal parasites. 

Genus 1.- FZ/jr/o.— Cells .short bent rods, rigid, single, or united 
into spirals. Motile by means of a single (rarely two or three) polar 
Hagellum which is usually relatively short. Many species liquefy 
gelatin and are active ammonifiers. Aerobic and anaerobic. No 
endospores. I'sually Gram-negative. Water forms, a few parasites. 
Type .species, F. comma (Koch 18S4) Schroeter 1881). 

Genus 2. ~Spirillmn. -Ce\h, rigid rods of various thicknesses, 
length, and pitch of the spiral, forming either long screws or portions 
of a turn. IFsually mqtile by means of a tuft of i)olar flagella (o 
to 20) which are mostly half circular, rarely wavy-bent. These 
flagella occur on one or both poles; their number varies greatly and 
difficult to determine; since in stained preparations several are 
often united into a common strand. Endospore formation has been 
rej)orted in some species. Habitat: w^ater or putrid infusions. Type 
species, 8'. wndula (Mueller 178()) Ehreiiberg. 

Family l\ . -FWcace(r.— Cells in their free conditions, spherical; 
during division somewhat elliptical. Division in one, two, or three 
planes. If the cells remain in contact after division they are fre- 
quently flattened in the plane of division and form chains, packets, 
or irregular masses. Motility rare. Endospores absent. Metal)- 
olism complex, usually involving the utilization of amino-acids 
or carbohydrates. Figment often produced. 

Tribe A.— A^cmcrcff. Strict parasites, failing to grow or growing 
very poorly on artificial media. Cells normally in pairs. Gram- 
negative. Growth fairly abundant on serum media. 

Genus 1. -iVm^eria. -Characters, those of tribe. Type species, 
N. gonorrliwa; Trevisan. 

Tribe Parasites (thriving only or best on 

or in the animal body) except genus Leuconostoc. Grow well under 
anaerobic conditions. Many forms grow with difficulty on serum- 
free media, none very abundantly. Planes of fission usually parallel 
producing pairs, or short, or long chains, never packets. Generally 
stain by Gram. Produce acid but no gas in glucose and generally in 
lactose broth. Pigment, if any, white or orange. 

Genus 2.— Diphcoccus.- growing poorly, or not at all, 

on artificial media. Cells usually in pairs of somewhat elongated 
cells, often capsulated, sometimes in chains. Gram-positive. Fer- 
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mentative powers high, most strains forming acid in glucose, lactose, 
sucrose, and inulin. Type species, />. pnnunoniw Weichsclhaum. 

Genus 3.— /vCi/co/uwte '-Saprophytes usually growing in cane 
sugar solutions. Cells in chains or ])a.irs united in large zoiigleal 
masses. Some types at least (iram-negative. Type* s])ecies L. 
inesenteroidea (Cienkowski) van Ticghcm. 

Genus ^.—Btreptmocem.- Chiefly parasites, ('ells normally in 
short or long chains (under unfavorable conditions sometimes in 
pairs and small groups, never in large i)ackets). Generally stain by 
Gram. Capsules rarely present, no zobgleal masses, (^ii agar 
streak, efi'iised translucent growth often with isolated colonies. In 
stab culture little surface growth. Many sugars fermented with 
formation of large amount of acid, but inulin is rarely attacked, 
(ieherally fail to liquefy gelatin or reduce nitrates. Tyi)c species, 
S.‘ pyogenes Rosenbach. 

(Jenus Staphylococcus.- ('ells in grou])S and short 

chains, very rarely in packets. Generally stain by (iram. On agar 
streak good growth, of white or orange color. Glucos(‘, maltose, 
sucrose, and often lactose, fermented with formation of moderate 
amount of acid. (Tclatin often li{|uefied V(Ty actively. Type species, 
S. aureus Rosenbach. 

Tribe (\ M/crococcc6P.-- Facultative parasites or saprophytes. 
'Phrive best under aerobic conditions, (irow well on artificial media, 
producing abundant surface growths. Planes of fission often at 
right angles; cell aggregates in groujis, packets, or zo igleal masses. 
Generally decolorize by (iram. Pigment yellow or red. 

Genus G.—i/fcrocecci/.v. Facultative ])arasites or sa])rophytes. 
('ells in plates or irregular masses (never in long chains or packets), 
(ienerally decolorize by Gram. Growth on agar abundant, with 
forinatj,on of yellow pigment. (Tlucose broth slightly acid, lactose 
broth generally neutral. Gelatin frequently li(piefied, but not 
rapidly. Type species, M. luteus (Schroeter) lS72b, ( 'ohn. 

Genus 7.~~Sarcina.—Sarcina dilfers from Micrococcus solely in 
the fact that cell division occurs under favorable conditions in three 
planes, forming regular packets. Tyi)e species, Sarcina ventriculi 
(ioodsir. 

Genus 8. — Rhodococcus. - Saprophytes. Oils i 1 1 groups or regular 
packets. Generally decolorize by Gram, (irowth on agar abundant 
with formation of red pigment. Glucose broth slightly acid, lactose 
broth neutral. Gelatin rarely liquefied. Nitrates generally reduced. 
F ype species, R. rhodochrons Zopf . 

Family V.—iiacterfacccr.— Rod-shaped cells without endospores. 
Usually Gram-negative. Flagella when present pcritrichic. Metab- 
olism complex, amino-acids being utilized and generally carbo- 
hydrates. 
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Tribe l.—Chrcmwhactercp. —Viator bacteria ])ro(lucing a red or 
violet pigment. 

Genus h— Erythrobadlhs.—^mvLW aerobic bacteria, producing a 
red or pint pigment, usually a lipoclirome. Gram stain variable. 
It is possible that related yellow and orange chromogens should be 
included here as well. Type species, E. prodigiosns (hdireiiberg). 

Genus 2.—Chrovwhaciernm.—Avroh\c bacteria, producing a violet 
chromoparous pigment, soluble in alcohol but not in chloroform. 
Motility and Gram reaction variable. Type species, Chr. viohcuni 
Bergonzini. 

Tribe Envineoe. —Vhni pathogens. Growth usually whitish, 
often slimy. Indol generally not produced. Acid usually formed in 
certain carbohydrate media, biit as a rule no gas. 

Genus 3.— Enem/a.— Characters those of the tribe. Type species, 
E. amylomra. 

Tribe 3.— Zop/ecp.— Gram-positive rods, growing freely on arti- 
ficial media. Not attacking carbohydrates. 

Genus 4.— Long rods occurring in evenly curved chains. 
Gram-positive. Motile. Proteus-like growth on media. Faculta- 
tive anaerobes. Carbohydrates and gelatin not attacked, hydrogen 
sulphid not formed. Type species, Z. zopfi (Kurth) Wenner and 
Rettger. 

Tribe 4.— -Gram-negative rods growing freely on 
artificial media. Generally forming acid from carbohydrates and 
often gas composed of CO 2 and IT 2 . 

Genus 5.— Profct/5.— Highly pleomorphic rods, filaments and 
curved cells being common as involution forms. Gram-negative. 
Actively motile. Characteristic ameboid colonies on moist media. 
Liquefy gelatin rapidly and produce vigorous decomposition of 
proteins. Ferment glucose and sucrose (but usually not Jactose) 
with formation of acid and gas (the latter being CO 2 only). Type 
species, P. mdgaris Hauser. 

Genus 6.— Pacteritiw.— Gram-negative, evenly staining rods. 
Often motile, with peritricliic flagella. Easily cultivable, forming 
grape-vine leaf or convex whitish surface colonies. Liquefy gelatin 
rarely. All forms except B. akaligenes and the 7L abortus group 
attack the hexoses and mo.st species ferment a large series of carbo- 
hydrates. Acid formed by all, gas (CO 2 aftd H 2 ) only by one series. 
Typically intestinal parasites of man and the higher animals although 
several species may occur on plants, and one (P. aerogenes) is widely 
distributed in nature. Many species pathogenic. Type species, 
P. coli Eschericli, 

Tribe 6.— LactobacillecB.— Hods often long and slender, Gram- 
positive, noii-motile, without endospores. Usually produce acid 
from carbohydrates, as a rule lactic. When gas is formed it is CO 2 
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without H 2 . The organisms are usually somewhat therim)i)hilie. 
As a rule micro-aerophilic; surface growth 011 media poor. 

(lenus 7, —Lactobacilks. —Generic characters those of the tril)e. 
Type species, L. caucasicus (Kern?) JJeijerinck. 

Tribe ^.—IksteurellecB. -Grain-negative rods, showing bipolar 
staining. Parasitic fonns of slight fermentative i)ower. 

Germs 8.--iWfewre//a.— Aerobic and facultative. Powers of car- 
bohydrate fermentation slight; no gas produced. Gelatin not 
liquefied. Parasitic, frequently pathogenic, producing plague in 
man and hemorrhagic septicemia in the lower animals. Type 
species, P. choleravgallinarum (Fliigge) 1886 Trevisan. 

Tribe 7 .—HemojjhikBW,— Minute parasitic forms growing only in 
presence of hemoglobin, ascitic fluid or other body fluids. 

Genus 9.— FI e7no2)hilus.— Minute rod-shaped cells, sometimes 
thread forming and pleomorphic, non-niotile, without spores, strict 
parasites, growing best (or only) in presence of hemoglobin, and in 
general requiring blood serum or ascitic fluid. Gram-negative. 
Type species II. infiuenzoB (Pfeiffer 1893). 

Family Yil.— liacilldcece.—liodn producing endospores, usually 
(i ram-positive. Flagella when present peritrichic. Often decom- 
pose protein media actively through agency of enzymes. 

Genus 1.— Bacillus.— Aerobic forms. Alostly saprophytes. 
Liquefy gelatin. Often occur in long threads and form rhizoid 
colonies. Form of rod usually not greatly changed at sporulation. 
Type species, B. suhtilis Cohn. 

Genus 2.— Clostridium.— Anuerohes or micro-aerophiles. Often 
parasitic. Rods frequently enlarged at sporulation, producing 
Clostridium or pleotridium forms. Type species, C. butyricu'm 
Prazmowski. 
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( IMPOSITION OF PACTEKIA. 

The elementary composition of bacteria is the same as that 
of the higher i)lants. This is also true concerning the main chem- 
ical constituents (;omposing their body. Rut the proportions of 
these latter at times vary quite widely. Moreover, some micro- 
organisms contain constituents not found in higher plants. 

Elementary Composition.— Racteria on analysis yield carbon, hy- 
drogen, oxygen, nitrogen, potassium, phosphorus, sulphur, calcium, 
magnesium, iron, aluminum and manganese. As to whether the 
last two are esstuitial to normal develojunent is not certain. In 
some species they are known to be non-essential, whereas in others, 
for instance the Azotohacter, they seem to play an important part. 

Moisture. —Moisture is essential for all plant and animal life and 
is always abundant in actively growing cells; hence, we expect, 
and do actually find, large quantities of water in bacteria. The 
quantity present in the actively growing cell varies from as low as 
70 per cent, to as high as 90 per cent, (ienerally speaking, young 
cultures contain less moisture than do older cultures; this appears 
to be true until the spore stage is reached, after which the (juantity 
of water greatly decreases. The temperature at which the cultures 
are grown also governs in a measure the quantity of water present, 
this being less when grown at 37® (\ than when grown at 20° C. 
The cultural media undoubtedly play a great part in dettyrnining 
the moisture content of the cells. It is j)robably rather low in 
bacteria obtained from alkali soil or from saline waters. 

Organic Constituents.— The bacterial cell contains carbohydrate- 
like bodies, proteins, extractives (fats, fatty acids, waxes and 
lipoids), and enzymes. In addition to these some bacteria also 
contain pigments, toxins and possibly ptomains. The quantity 
and quality of each, especially of the last four, vary greatly with 
the class of organisms and the conditions under which they are 
grown. 

Carbohydrates are really conspicuous by their absence in most 
bacterial cells, but the following members of the carbohydrate 
group have been recognized in varying quantities in some bacteria: 
cellulose, hemicellulose, dextrin, starch, glycogen and a number of 
the sugars. 

• Extractives, although found to a limited extent in all microorgan- 
isms, are found in larger quantities in the tubercle bacillus and other 
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members of tlie acid-fast ^roiip. In some members of this group 
the extractives vary from 2() to 40 per cent, of the total dry residue. 
In the early studies of the chemistry of bacterial cells it was assuined 
that the alcoholic and ethereal extracts consisted of fats exclusively. 
Tribiityrin, tripalmatin, tristearin, triolein, lecithin and various 
waxes have been recognized. 

Klebs found in the tubercle bacillus 20.5 per cent, of a red fat 
melting at 42° and 1.14 per cent, of a white fat melting above 50°, 
the latter being insoluble in ether but soluble in benzol. 1 )e Sch wei- 
nitz and Dorset concluded that the fat of the tubercle bacillus con- 
tains palmitic and arachidic acids, while that of the glanders bacillus 
C{)ntains oleic and palmitic. They also obtained a crystalline acid, 
for which they suggested the name tuberculinic* acid. This is cjuite 
(lllferent from Uiij^pel’s nucleic acid. It had an elementary com- 
|)osition of ('7H10O1. The authors called attention to the similarity 
in composition and properties of this body and tt4raconic acid. 
They suggest that it may be the substance whicii is responsible 
for the coagulatirig necrosis and r(‘duction in temperature'. 

Xresslig extracted tubercie bacilli suc'cessfully with c'ther, ciiloro- 
form, benzol and alcohol, and obtaiimd o8.tl5 i)er cent, of fatty and 
waxy substances. Rei)catcd extraction with chloroform gave a 
(lark brown mass of the consistency and cedor of bc'cswax and melting 
at 40°. lie found 14.28 per cent, of fire fatty* acid, 77.25 per cent, 
of neutral fat and esters of fatty acids, and some volatile fatty 
acid, probably butyric. He concluded that the fat of the tul)er(ie 
bacillus is quite different from that obtained from any other source. 

The fats and waxes arc probably both intra- and extracellular, 
for extraction of the intact cell yields some and the crushed cell 
yields still more. The quantity found within the cell varies greatly, 
depending on the media upon which the organism is grown. Meyer 
found tnat the fat in Ikicillufi tuviesccuff gradually inc*reases until 
sj)ore fonnation occ-urs, when it disap})ears; the spores are also free 
from fat. This, however, is not general for the spores of some 
orgarnsms (*ontain proportionally more fat than do the vc^getative 
forms. 

Proteim.— The bulk of the dry matter of the bacterial c*ell is com- 
posed of proteins. The following analysis re{)orted by Uuppel 
indicates the compo.sition of the tubercle cell: 


Nucleic (tuberculinic acid) .... 

S..5 per cent. 

Nucleoprotainin 

25,5 

Nucleoproteid . . 

... 2;).o 

Albuminoids .... ... 

... S.3 

t'at and wax 

... 2(}.5 

Ash 

9.2 


The wonderful synthetic reaction catalyzed by the . Izotohacter cell 
directed the attention of workers to this s})ec4fic organism. 
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Therefore, our knowledge of the composition of this organism is 
probably more nearly complete than it is of many other species. 

Berthelot early recognized that the nitrogen fixed by the Azoto- 
Ixicter is insoluble in water, thus indicating its protein nature. 
Lipman found there was a small but appreeialde quantity of nitro- 
gen in both young and old cultures of A. vlrudandii not precipi- 
tated by lead acetate and a large proportion not precipitated l)y 
phosphotungstic or tannic acid. Further work indicated that the 
substance was either amino-acids or comparatively simple pcptids. 
He considered that one of the early substances synthesized by these 
organisms was alanin. An analysis of the Azotobncter membrane 
gave the following: 


Nitrogen as ammonia . 

Basic nitrogen 

Non-basic nitrogen 
Nitrogen in MgO precipitate . 
Total nitrogen 


0.98 per cent. 
2.70 


6.39 

0.42 

10.45 


This, he finds, corresponds remarkably closely to legurnin. That 
it is complex is indicated by the fact that it is not readily assimilated 
by plants. 

Stoklasa found the Azoiobacter cell to contain 10.2 per cent, of 
total nitrogen and 8.6 per cent, of ash. The ash was from 58 to 
62.35 per cent, phosphoric acid. The nitrogen and phosphorus 
were mainly in the fonns of nucleoproteins and lecithin. The 
percentage of both nitrogen and phosphorus in the cell increases 
with age. 

The most complete analysis of the Azotobacter cells, so far 
reported shows them to contain, when grown on dextrin agar and 
rapidly dried at 30° C., 12.92 per cent, of protein. The protein is 
similar to other plant proteins. It contains 10 per cent, of ammonia 
nitrogen, 26.5 per cent, of diamino-iiitrogen, and 60 per cent, of 
mono-amino-nitrogen. It contains the amino-acids normally found 
in proteins but the quantity of lysin present is high, whereas the 
histidin is jiresent only in traces. 

An examination made by Nishimura of a pure culture of a water 
bacillus gave the following as the composition of the dry matter in 
the bacillus. 


Albumin 
Carbohydrates 
Alcohol extract 
Ether extract 
Ash .0 . . 

Lecithin . 
Xanthin . 
Guanin . . 

Adenin . . 


. . 63.50 per cent. 

.‘ . 12.2 

. . 3.2 

. ; 5.10 

. . 11.20 

# . 0.68 

. . 0.17 

. . 0.14 

. . 0.08 
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The organism is, therefore, extremely rich in protein, and, 
although the albumin predominates it is not free from nucleoprotein, 
as is seen from the ])resence of the purine bases, xanthin, giianin 
and adeniii. 

Inorganic Constituents. —The ash-content of the bacterial cell is 
not far different qualitatively from that of the higher plants. 
Quantitatively, however, there is a marked difference, the asli- 
content of bacteria being comparatively high. Tlie ash-content 
of the cell is subject 'to wide variation, depending on the specific 
organisms and especially on the media upon which it is grown. 
This may be seen from the following results by Cramer who grew 
the Cholera vibrio on various media. 


Composition of nicdiuin in 
which organisms were 
grown. 

1 per cent, soda Phosphate 

bouillon (regular bouillon (regular ; , 
broth + 1 oeroeut. broth f 1 percent. 

1 NaOlI). sod. phosphate). 3 per cent. NaCl). 

Asli-content of bactoria in dry sub- 
stance 

5). 30 

22.30 

25.90 

Ash-content of moist ni}is.s 

! 1 . .34 

2.75 1 

3.73 

Ash-content of medium in moist 
mass 

i 1.25 

2.50 : 

4.12 

Phosphoric acid in bacterial ash . 

28.70 

34.80 . 

10.90 

Phosphoric acid in media ash . 

; 7.90 

39.80 

2.10 

(^hlorin in bacterial ash 

10.90 

7.97 ! 

40.70 

Chlorin in media ash .... 

23.00 

11.40 

49.20 

Analyses have been reported in which the phosphoric 

acid-con- 


tent reaches as high as one-half the total ash-content of the cell. 
It is quite probable that a great proportion of this is combined with 
the nucleic acid in the nucleoproteins. 

Variatj^on in Composition of Different Parts of the Cell.- As has 
been pointed out, the bacterial cell is not homogeneous but is made 
up of fairly distinct parts, namely, ectoplasm, capsule and cyto- 
plasm and nuclear material. These constituents vary noticeably 
in their chemical com])ositioii. Although the ectoplasm at times 
contains in some species of bacteria small quantities of (cellulose 
and hemicellulose, yet the predominating substance is ehitin, a 
substance which may be considered as an intermediary compound 
between the carbohydrates and proteins. When pure, ehitin yields 
over 80 per cent, of its weight as glucosamine. It yields first acetic 
acid and chitosan : » 

CisHjoNjOu + 2 H 2 O = 2CH,COOH + Ci4ll26N2()io 
Chitin. Acetic acid. ChitoBan. 

hdiitosan on further*hydrolysis yields acetic acid and glucosamine: 

Ci4H2,N20io + 2 H 2 O = CH.COOH + 2CH20H((UI0H)sC11NH2CH0 
ChitOMn. Acetic add. Glycosamine. 
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The cell membrane is, therefore, more nearly that of the animal 
than the plant. The brown color obtained on staining some 
bacteria with iodin has led observers to believe that they contain 
glycogen, whereas the bine color with the same reagent is attributed 
to starch. 

The cai^sules contain comparatively large quantities of mucin. 
These are prottan-like substances which may be precipitated by 
alcohol. They give most of tlie protein reactions and, in addition, 
when heated with an acid, acquire tin* i)roperty of reducing Fehling’s 
solution, thus showing them to contain a carbohydrate complex in 
addition to the protein. 

The cytoplasm consists largely of bacterial proteins which appear 
to be specific in character for any given s])ecies. Within this are 
large quantities of the nucleoproteins, for on hydrolysis large 
quantities of the purine bases arc obtained. Vaughan, Wheeler 
and Leach conclude that the bacterial cytoplasm contains carbo- 
hydrates, nuclein bodies, and polymers of mono- and di-amino-aeids. 
They arc glyconucleoproteins. Spores differ from the vegetative 
organism in that they contain but small quantities of water. 


liEFEUEN(’ES. 

VuuKF.'in; Protciii-split I’rodixcts in Hohitiou to Immunity and Disease. 
Kendall; Itacleriolojiy General, I’athological, Intestinal. 

Kruse: AUxfemeiiie Microbiologie. 



CHAPTER VT. 


FOOD UEQFIRKMENTS. 

Food is any substance which bacteria e;in utilize in obtaining 
either building material or ener^^y for the cell activity. The quan- 
tity and quality of food necessary vary widely with the different 
species. However, all foods must contain c(‘rtain essential ele- 
ments. Our knowledge at the present time indicates these ele- 
ments to be carbon, hydrogen, oxygen, phosphorus, potassium, 
nitrogen, sulphur, calcium, iron and magiK'sium, or, using the key 
for remembering as suggested by Dr. Hopkins, we have C, Ho])k’ns 
(’aFe Mg - - - “C. Hopk’ns Cafe - - mighty good.” 

Minimum Requirements.— In considering tin* food us(*d by bacteria 
a minimum and a maximum requirement mu.st be recognized. 
These two extremes differ greatly, for although the minimum quan- 
tities appear inconceivably small the maximum ones jire enormous. 
One may obtain a fair idea of the minimum recjuin'unnts from the 
following calculation made by Rahii: “The (juantity of organic 
and inorganic matter just sufficient to su])port a very weak growth 
is certainly very small, since a few species will multiply to some 
extent in ordinary distilled water. Such water, after having stood 
for some time, is found to contain several thou.sand bacteria per 
enbi(^ centimeter. It may seem to the laymen that in such water 
it would be possible to detect easily the organic and inorganic matter 
of the microorganisms so that it could not be (‘onsidere<l distilled 
water. An estimate of the weight of baerteria demon. st rates, how- 
'“ver, that this is not the case. If we suppose the avenige l)acterial 
<■('11 to be a cylinder whose base measures 1 square micron and 
whose height is 2 microns (which is a high estimate). The volume 
of such a cell would be 1 X 1 X 2 cubic microns = O.OOl K 0.001 
X 0.002 mm. = 0.000,000,002 cu.mm. The speciffc gravity of 
hacteria being very nearly one, the weight of one bactci'ium would 
h(' 0.000,000,002 mg. One hundred thousand cells per cubi(‘ centi- 
' icter means 100,000,000 cells per liter, which would weight 0.2 
' 'h- Of this total weight, at least four-fifths is water and only one- 
'di is solid matter. The total solid matter in 1 liter of water 
aitaining 100,000 bacteria per cubic centimeter amounts to the 
"measurable quantity of 0.04 mg. Such water will pass the test 
distilled water. IIow much foo<l the bacteria in distilled water 
used is impossible to since;, besides the traces of minerals 
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in the water, tliey obtain some food from volatile compounds of 
the air, like carbon monoxid (CO), carbon dioxid (CO 2 ), ammonia 
(NH3), hydrogen (II) and perhaps methane (CH4). TJnder all 
circumstances the amount of food used is very small.” 

Maximum Requirements.— The maximum quantity of food which 
may be decomposed by bacteria is often enormous. They quickly 
decompos(; the body of an ox after its death. Tons of material 
run into the septic tanks of large cities, all of which is rapidly 
decomposed by bacteria. Tt is, however, usually the case that the 
speed of the reaction is great at first, but soon slows up or comes 
to a complete stop. This is due to the fact that the accumulation 
of end-products interferes with the growth of bacteria. This is 
true in milk where at first the lactose is rapidly changed to lactic 
acid, which if not neutralized soon becomes concentrated enough 
to slow up the reaction. This is also true with the changes going 
on in sauerkraut and silage. 

Function of the Food.- The food utilized hy bacteria has two 
functions, namely, the furnishing of energy and the acting as cellular 
building material. The quantity required l>y each bacterial cell 
for building material is not great, for MacNeal and his associates 
found that the dry matter of 550, (KK), 000 cells of H. coli weigli 
only 0.1 mg. Others have estimated the weight of a single colon 
bacillus to' be 0.000,000,103 mg., or it would require 1,600,000,000 
colon bacilli to weight approximately 1 mg. The waste products 
and repair material would make the cellular requirements slightly 
greater than this, but from these figures it is evident that the actual 
(juantity required by a cell for building material is extremely small. 
Even this, however, is not immaterial, for ('onn starting with the 
assumption that tlie period of generation is a half hour makes the 
following calculation. “If we take a single bacillus measuring 
2ju in length and l/x in breadth, with a weight of 0.000,000,001,571 
mg., it will increase, according to the aforesaid assumption, at 
such a rate that in two days’ time its progeny will amount to 
281, 0(X), 000,000, and will occupy a volume equal to about J liter 
(30.51 cu. in.); within a further three days the quantity would 
increase to a mass sufficient completely to fill the beds of all the 
oceans of the globe.” Due to the accumulation of waste products 
they never continue to multiply long at such a rate, but the numbers 
in suitable media often become hundreds of millions per cubic 
centimeter before retardation occurs. 

Source of Energy.— Animals and plants require energy in their 
life activity, the former obtaining it directly from the kinetic 
energy of the sun which they store up as potential energy. 
This is libew^d by the animal in the process of oxidation. Now, 
bacteria, possess the powers of the higher plants to utilize 
directly* energy of the sun, but, like the animals they arc 
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(lopendcnt on tlie stored energy of the ])Iant and animal kingdom. 
From their method of oxidation it is neeessary to recognize two 
groups of bacteria: ( 1 ) Those which completely oxidize their 
food, the carbon and hydrogen occurring in the final products as 
carbon dioxid and water; ( 2 ) those which only partly decompose 
their food, thus leaving much of the energy still within tlu' food. 
Now the actual food requirements of the two classes of organism for 
the accomplishment of the same end, in so far as energy is con- 
cerned, is materially different. For instance, the complete oxida- 
tion of glucose to carbon dioxid and water as brought about by some 
yeasts according to the ecpiation CjrioOfi + TA = OFO2 + (>1120 -f 
674 cal.; whereas, when only partly oxidized to alcohol it would be 
1 CII12O6 = 2 ( 2TIbOTI -f- 2 ( 02 “f" 22 cal. 

The energy obtained in the first case is over thirty times that 
obtained in the second, and the quantity of food decomposed would 
be relatively greater in the latter than in the former. It has been 
estimated that the lactic acid bacteria decompose their own weight 
of sugar in one hour. 

Although all organisms require the elements listed at tlie begin- 
ning of this chapter, yet the nature of the organic compound required 
varies greatly with different species. 

Moisture —Moisture may be considered the most important 
factor of life. “It is little short of astounding that living matter 
Mth all its wonderful properties of growth, movement, memory, 
intelligence, devotion, suffering and happiness should be composed 
to the extent of from 70 to 90 per cent, of nothing more coiiqilex or 
mysterious than water. Such a fact as this is most perplexing, espe- 
cially when all experiments show that this water is playing a pro- 
foundly important part in the generation of the vital phenomena. 
Any interference with the amount normally present makes a change 
at once In the activities of the cell. In fact we might say that 
‘all living matter lives in wtiter,’ as Claude Bernard put it. For 
not only is this obviously true in the lower and simpler forms of 
animals and plants, which are little more than naked masses of 
protoplasm living in water, but it is no less true of the higher 
forms, since in all of them an internal medium, or environment, of 
a liquid nature, the lymph, the blood or sap, is found which is the 
immediate environment of the cells. Water is the largest and one 
of the most important constituents of living matter, and if organisms 
are carefully examined the most various devices are found to assure 
the regulation of the water content of the cells of the body. The 
younger, the more vigorous, the more alive, the more actively 
growing, the more impressible cells are, the more watery are they.” 

Water enters very largely into the composition of the bacterial 
oell, since they consist of from 70 to 95 per cent, water; moreover. 
It enters into nearly every change which they bring about. When 
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bacteria decompose tlic carbohydrates, one or more molecules of 
water are taken up; when they synthesize, water is eliminated. 
The hydrolysis of fats requires for every molecule three of water; 
when they are synthesized from glycerin and fatty aeids three 
molecules arc eliminated. The digestion of the proteins by bacteria 
is usually hydrolysis in which a number of molecules of water are 
caused to enter the large protein molecule, thus causing it to break 
down into elementary dilTusiblc foods. When the bacteria build 
their own proteins from the peptones and amino-acids, it requires 
that water be eliminated. Thus water plays an all-important part 
in all bacterial syntheses and decompositions. • i • 

Water accelerates or is essential in all reactions taking place in 
the cell. It has a lugher inductive ca])acity, or dielectric constant, 
than any other liquid, excei)t i)ossibly hydrogen dioxid. “It is a 
good insulator. It does not in itself, at ordinary teinperatures, 
conduct the current readily. In virtue of this pro])erty it happens 
that wlum electrical disturbances occur in a cell they are not 
instantly compensated, so that oppositely charged particles may 
coexist in water. It is probably because of this property that 
water forms such a good ionizing medium. At any rate, this 
property may account for the undoubte<l fact, whatever explanaticin 
we may choose' to give of that fact, that substances dissolved in 
water inte'ract with greater ea.se and s])eed than when dissolved in 
any other medium. It has the property then, so important for the 
cefi, of accelerating all kinds of chemical reaction. Thus hydro- 
gen and oxygen will not unite, except at very high temperatures, 
unless some water is present. Hydrochloric acid and sodium 
hydrate react vigorously in the jireseiice of water, but not when they 
are quite dry. Chlorin and hydrogen do not form hydrochloric 
acid, except at very liigh temperatures, unless water be present, and 
everyone knows that the rusting of iron does not occur unless water 
is there too. Water has, then, this fundamental property of 
making reactions go on between bodies dissolved in it or wet hy h. 
This property is believed by many to be correlated with its ionizing 
powers and with the faet that its solutions eonduct electrieal currents 
more than those of any other solvent.'’ 

Another very remarkable property of water is its power of solu- 
tion. No other solvent surpasses it. All substances dissolve in it 
to some extent. It is a solvent for salts, carbohydrates, proteins 
and even for fats to some extent. This universal solvent power 
has not yet been fully explained, but it is probable that it is cor- 
related with, or due to, the extra valances on the oxygen atoms 
which are perhaps able to unite with the extra valances on the dis- 
solving molecules and thus to produce solution. But be the expla- 
nation what it may, it is well known that its solvent action con- 
tributes much to life. Bacteria are able to absorb their food only 
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when in solution, while in solution it reacts and after it has served 
its purpose the waste products are carried from the cell in solution. 

Osmotic Pressure. “If a cell be placed in a strong salt solution, 
there is a shrinking of the cell which may result in plasmolysis. 
If, on the other hand, a cell he suspended in pure water the cell 
greatly increases in size and finally bursts. This is the case when 
any solution is separated from pure water or from a less-concen- 
trated solution by a membrane which to the dissolved substance is 
ini]X‘rmcable but to the water of the solution permeable. The solu- 
tion exerts pressure on tlie membrane and the water passes through 
th(‘ membrane into the solution. The pressure is calk'd osmotic 
pressure, and depends not upon the ])ercentage of solute, but upon 
the number of ])articles— molecules and ions })cr unit volume. The 
amount of this pressure varies in different cells, but for mammals 
it is supposed to be about that of a 0.9 per cent, sodium chlorid 
(NaCl) solution, since in such a solution the tissue neither gains nor 
loses weight. This is about 7.1 atmosi)heres. 

However, some bacteria and many molds can survive and even 
grow in salt solution which would be fatal to the life of the cell of 
higher plants. l^miciUmm and Aspergilhi.s have bet'ii known to 
thrive in solutions, the osmotic pressure of which is ecpiivalent 
to a 20 per cent, potassium nitrate solution. HacillHs anthracu 
flourishes on agar eontaining as much as from S to 10 ])cr cent, of 
sodium chlorid. Since turgidity is essential to growth, it follows 
that these organisms must have some means of altering the ])ressure 
of their eell contents according to the concentration of the sur- 
rounding medium; only in this way can plasmolysis be avoided. 
The plasmotie membrane in the case of many bacteria is highly 
permeable; this would be the case, especially with those organisms 
which grow in l)rines. F.vcn some pathogenic bacteria possess the 
power of accommodating themselves to high osmotic j)ressures. 
Bacillus choleroc, are tem])orarily plasmolyzed by salt and sucrose 
solutions but not at all by a glycerin solution, the cell membrane 
being permeable to the latter. The plasmolysis i)roduced by the 
salt and sugar disappear in the course of an hour or two as a rule, 
showing that even salt and sugar slowly penetrate the plasmotie 
membrane. 

Kind of Food Required. —The quality of the food reejuired by 
bacteria varies greatly with the species. This is well exemplified 
in Jensen’s classification of bacteria which is based upon the sources 
of nutrition and distinguishes the following groups: 

1. Ilacteria which, like green plants, need neither organic 
carbon nor organic nitrogen . These so-called ‘ autotrophic bacteria’ 
oan build up both carbohydrates and proteins out of carbon dioxid 
and inorganic salts. 

‘2, Bacteria which need organic carbon compounds, but can 
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dispense with organic nitrogen. These bacteria are able to synthe- 
size protein substances out of carbohydrates (or organic acids) and 
ammonia, nitrogen or nitrates. 

“3. Bacteria which, like the higher animals, require both organic 
carbon and organic nitrogen compounds. These bacteria cannot 
accomplish either carbohydrate or protein synthesis out of inorganic 
substances.” 

Carbon.— The carbon dioxid of the air cannot be utilized by 
bacteria as a source of energy since it is already fully oxidized. 
There are, however, some organisms which possess the power of 
utilizing both carbon nionoxid and methane. On the contrary, 
the carbon of carbohydrates, fats and proteins are readily utilized 
by bacteria. The hydrocarbons of both the aliphatic and aromatic 
series are resistant to bacteria, but those compounds which contain 
oxygen in addition to the carbon and hydrogen are more readily 
attacked. Many organic acids and oxy-acids are used by some 
bacteria. Only a few bacteria can use the simpler alcohols. The 
more complex alcohols, like glycerin and mannite, arc utilized 
by many. The carbohydrates are especially valuable to most 
bacteria, those containing six or twelve carbon atoms being the 
most valuable. 

Nitrogen.- The nature of the nitrogen requirements of bacteria 
are extremely different, depending upon the specific organism. 
Some organisms, such as the symbiotic nitrogen-fixers and the 
azofiers, are able to obtain all the nitrogen required from the 
atmosphere. The nitrosomonas obtains its nitrogen from ammonia, 
whereas the nitromonas obtain it from nitrites. The majority of 
bacteria obtain their nitrogen from peptones, proteoses, and even 
amino-acids. Uettger concludes from oft-repeated experiments on 
animal and vegetable proteins that bacteria are unal)le to deriv(^ 
nourishment from native proteins, and that in a medium \n which 
there is no possible source of nitrogen other than the proteins 
themselves they will thrive no better than in a chemically pure 
saline solution. When proteolytic^ enzymes are present the com- 
plex ])rotein molecules are broken up and, at least in part, made 
available for cell nutrition. It would appear that “it is as essen- 
tial to break down complex nitrogenous food substances into their 
simple components, before they can be utilized, as it is to reduce the 
walls of an old church brick by brick before they can be made 
over into a modern schoolhouse.” The more strictly pathogenic 
organisms, as the gonococcus and the leprosy bacillus, may require 
nitrogen in the form of highly specific tissue proteins. As a rule, 
animal proteins are more readily utilized than are plant proteins. 

Hydrogen.— Hydrogen is obtained from many organic compounds 
containing hydrogen and oxygen, such as the carbohydrates, fat;^ 
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Mild proteins, but usually not those coinpoiuuls wliicli contain only 
carbon and hydrogen, such as methaiui and its honioh^gnes. 

Sulphur. -Sulphur is required by all bacteria possibly for the for- 
mation of tbe proteinaceous material of their bodies. In addition 
to this, some organisms use it as a source of energy. For instance, 
the Beggidtoa sometimes use two to four times their own weight of 
hydrogen sulphid in a day, under which conditions the sulphur grains 
may be seen in the cell-protoplasm and may lie looked upon as an 
intermediate stage in the oxidation process, the reaction proceeding 
as follows: 

2H:.S + (>2 - 21120 4- 2S 

2S -f ;K)2 + 21120 = 2 II 2 .SO 4 

Some bacteria may get their required sulphur from sulphates, sul- 
phites or thiosulphates, but probably the great majority of tliem 
obtain it from the proteins. 

Phosphorus.— Phosphorus is used by bacteria in large quantities, 
being essential for the building of the nuelcoprotcins and pliospho- 
proteins in which' the unicellular organisms are especially rich. 
The fonn and quantities required by the organisms vary greatly 
with the species. The Azotobackr are able to utilize it from most 
organic and inorganic sources, some, however, being much more 
valuable than others. 

Potassium.— Potassium is essential to the higher plants and cannot 
be replaced entirely by related substances, yet Gerlach and Vogel 
early reached the conclusion that potassium and magnesium are 
not essential to Azotohacter. Their results, however, were con- 
sidered for a long time to be erroneous. But if these ehanents are 
essential to Azotohacter it must be in extremely small quantities. 
Potassium does, however, favor their development and is probably 
valuably, if not essential, to all bacteria. Most inorganic potassium 
compounds can be utilized. 

Other Inorganic Substances. —The other inorganic constituents 
are required by bacteria only in small quantities and are obtained 
from either organic or inorganic compounds, depending upon the 
specific organism. 

Oxygen Requirements.— Bacteria, like all other plants and animals, 
require oxygen in their life activity. The various classes of organ- 
isms are not indifferent as to the form in which they obtain their 
oxygen. One great class requires that their oxygen be furnished 
free; to these is given the name “aerobic.” Another requires their 
oxygen in the combined form; they are called “anaerobic.” Some 
organisms grow best in the presence of free oxygen but may become 
adapted to combined oxygen; these are known as “facultative 
anaerobes.” Others grow best in the absence of free oxygen but 
may become adapted to it; they are known as “facultative aerobes.” 
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Few bacteria are true aerobes or anaerobes, but many gradually 
blend from one class into another, as some will withstand small 
quantities of free oxygen but not a full atnios])licric iircssure of it. 

Vitamines.— The extracts of animal organs, as well as those ot 
some })lant tissues, are valuable nutrient material for bacteiia w nc i 
it is as yet impossible to supply in any medium of known chemical 
composition. The (•omiiosition of these more or less unstable 
but highly nutritive substances is a matter of purest speculation. 
For want of a better name they are termed “ vitamines" or “acces- 
sory growth factors.” These accessory bodies are moderately 
iieat-stable and are solubh; in alcohol and in water. They are 
rapidly absorbed from solution by filter paper, but not by glass 
wool. They increase the reaction velocity of the proteolytic metab- 
olism of the meningococcus and are essential to many other organ- 
isms. After the first or primary cultivation some organisms become 
independent of these substances. This phase of bacterial nutri- 
tion, which is only just beginning to receive attention, is beset by 
many dilficulties. The work being done, however, gives promise 
of so clearing up the field that much that was impossible of expla- 
nation in tlie past will be readily explained. But the present 
status of the case is well summarized by Uettger when he stated: 
“We are as yet in the dark regarding the real food requirements 


of bacteria.” 


UEFERKNCES. 




CHAPTER VII. 


BAC TERIAL METABOLISM-ENZYMES. 

It was pointed out in tlie last eliapter tliat bacteria rerpiire food 
for at least two purposes— building material and the lil)eratiou 
of energy. In fulfilling these functions the foods are i)rofoundly 
changed; at times they are broken iij) into comparatively simple 
products, after which they arc l)uili into the complex molecules 
composing the bacterial cell; at other times they arc si)lit and the 
energy utilized; at still otlier times they arc coni])let(!ly oxidized, 
the organisms thus obtaining all the stored [)otential energy. The 
sum of all these cliaiiges which the food undergoes, including the 
deterioration of the cell, is called metabolism. These changes con- 
sist of two separate processes; the oiuv construction of new cells 
or parts of cells — is a process of syntln^sis and is called anabolism. 
The other is analytical or the breaking-down of the cell and is 
called katabolism. .\lthough these two ])rocesst‘s are usually going 
on simultaneously in the cell, yet it is true that during the first few 
hours after inoculation of a culture the anabolic; aspect pri;dominates; 
later the katabolic phase predominates. That this should be the 
case can be readily seen, for the bacterial cell must be mori)hologi- 
cally complete before it can bring about its characteristic; energy 
transformations, which continues until the death of the cell. 

Moreover, recent investigations have demonstrated that it is 
just as true of bacteria as of animals that “it is as essential to 
break clown complex nitrogenous food substances into their simple 
components before they can be utilized, as it is to reduce the walls 
of an old church Inac^k by brick before they can be made over into 
a modern schoolhouse.” The development and present status of 
our knowledge of this represents one of the most interesting and 
valuable chapters of bacteriology. 

Early Theories of Fermentation.— Even as early as 1595 the great 
medical chemist, Labavius, considered fennentation a process akin 
to digestion, and von Helmont (1048) stated that out of the fennent 
something passes into the fermenting liquid which grows in it as 
a seed. But it was the great chemist, Liebig, who first developed 
the purely chemical explanation of fermentation. It was he who 
developed the idea of catalysis, a word already invented by 
Berzelius. Liebig compared fermentation changes to the action 
of finely divided platinum which possesses the power of bringing 
about the union of gases at low temperatures. The ferment he 
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considered to be in a state of unstable equilibrium or decomposi- 
tion. This is communicated to its surroundings, producing (•hernical 
changes. Tliis was opposed by Pasteur and Tyndall who showed 
that in the absence of microorganisms fermentation does not take 
place. 

There were certain changes which they proved to be due to 
bacteria and yeast; others which, were brought about by pepsin, 
tripsin, etc. This led to the classification of ferments as organized 
and unorganized. Under organized ferrnents were grouped such 
substances as some bacteria and yeasts, which, when examined 
under the microscope, possess a definite organized structure and 
which act by virtue of vital processes. The unorganized fennents 
included amylase, pepsin, reimin, etc., and were described as 
“non-living unorganized substances of a chemical nature.” Kiihne 
designated this last class of substances, enzymes. This classifica- 
tion into organized and unorganized ferments was generally accepted 
and practically unquestioned until overthrown by Ihicliner (1897) 
in his epoch-making investigation of yeast. He c;arefully mixed 
1000 grams of brewers’ yeast with an equal weight of (piartz sand 
and 250 grams of infusorial earth generally known as Kieselguhr, 
This mixture was ground together until plastic; 100 c.c. of water 
was added and wrapped in a press cloth and filtered in a press cap- 
able of exerting a pressure of from 400 to 500 atmospheres. The 
juice was clarified by shaking with Kieselguhr and filtering. The 
liquid so obtained is slightly heavier than water and possesses a 
pleasant odor. On boiling, a quantity of proteinaceous matter 
separates and the liquid becomes nearly solid. 

The unboiled juice possesses all the power of the yeast cell in so 
far as fermentation is concerned. However, the action is not 
stopped by chloroform nor by the passage of the liquid through a 
Berkefeld filter nor through a dialyzing membrane. The*enzyme 
which is present in the solution has been termed by Buchner 
zymase. Later the lactic acid- and the acetic acid-producing bacteria 
were subjected by Buchner to similar treatment to that given the 
yeast eells, and the active intracellular enzymes were obtained. 
Since that time the list of unorganized ferments or enzymes has 
continued to grow at tlie expense of the organized fennents until 
it is generally conceded today that all fermentations are due to 
enzymes, there being only this difference— that some are formed 
and readily diffuse out of the body of the cell during its life and are 
known as extracellular ferments, whereas others remain in the cell 
and are known as intracellular ferments. 

Definition of Enzymes.— Enzymes have been defined as “unor- 
ganized, soluble ferments, which are elaborated by an animal or 
vegetable cell and whose activity is entirely independent of any 
of the life processes of such a cell.” 
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Enzymes act by catalysis and lienee are often stated to be “select- 
ive colloidal catalysts, present in living cells and di^stroyed by 
heat/’ A catalyzer is “a substance which alters the velocity of 
a chemical reaction without undergoing any apparent jihysical or 
chemical change itself and without becoming a part of the jiroduct, 
formed.” It is a well-known fact that the speed of many chemical 
reactions is accelerated by catalyzers; for example, the inversion of 
cane sugar by acid and the numerous reactions affected by platinum. 
Negative catalysis is not as common, but the stopping of the slow 
oxidation of phosphorus in air by a trace of ether vapor may be 
taken as an example. The general characteristics of catalysts are 
admirably illustrated by Bayliss: 

“There are certain phenomena which, at first sight, might be 
confused with those of catalysis, but which must be carefully dis- 
tinguished from them. A mechanical model will serve to make 
this clear. If a brass weight of, say 500 grams, be placed at the 
top of an inclined plane of polished plate-glass, it will be possible 
to find a slope of the plane such that the weight will slowly slide 
down. This represents any reaction taking time to complete. 
If now the bottom of the weight be oiled (oil-catalyst) the rate of 
its fall will be greatly increased. We sec, that in either case, the 
weight if placed at the top of the plane does not remain tliere, but 
sooner or later reaches the bottom. It may, however, be kept at 
the top by some kind of catch or trigger arrangement, in which case 
it will remain there indefinitely until the catch is reUased. The 
amount of energy lost by the weight in its fall, being the product 
of its weight and the vertical height from which it has fallen, is in 
no way affected by the work required to remove the obstacle pre- 
venting its fall, nor is the rate at which it falls when set free. A 
typical instance of such a ‘trigger’ action is that of supersaturated 
solutions^ which remain for any length of time unchanged unless 
infected witli a crystal. It has, moreover, been shown by B. 
Moore (1893) that the rate at which the solidification of supercooled 
glacial acetic acid moves along a tube is independent of the quantity 
^>f crystals placed at one end to start the process. Not so with 
true catalytic action; although the work done by our sliding weight 
is in no way affected by the amount of catalyst (oil) used, the rate 

the fall is, witliin limits, directly proportional to it, and this is a 
property of catalysts in general. 

“It cannot be expected that a rough model of this kind would 
show all of the characteristics of catalytic phenomena, but there 
are two instructive points shown by it in addition to those already 
spoken of. The first is tlie disappearance of the catalyst by stick- 
to the glass as the weight slides down. An analogous phe- 
jiomenon is often met with in catalytic processes, as will be seen 
later. The second point is one of importance with regard to 
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certain cnzyinc actions; it consists in tlic fact tliat, although the 
presence of the catalyst neither adds to nor subtracts from the 
total energy change in the reaction, the form of this energy may he 
altered. When the weight falls slowly by itself, nearly the whole 
of the energy appears as heat due to friction along the glass plane, 
so that the weight arrives at the bottom with very little kinetic 
energy; on the contrary, when oiled, nearly the whole of the energ> 
is present in the weight at the end of its fall as kinetic energy, very 
little friction having been met with in its descent. We Tuay notice, 
also, comparing the elfects of different amounts of oil, that stnall 
amounts ])roduce a much more marked result than the subsecpient 
addition of further (juantities. This is also cliaracteristic of 
enzymes, as we shall see later. 

“From what has been said it follows that a catalyst is merely 
capable of changing the rate of a reaction already in progress. In 
opposition to this it may reasonably be said that a reaction does 
sometimes seem to be initiate*!. Such a case is that of a mixtur*' 
of oxygen and hydrogen gases caused to coml)ine by spongy plati- 
num. Now there arc reasons for the belief that an extremely slow 
combination is taking place at ordinary temperatures witliouf 
catalysis. One thing to be considered in reference to this belief 
is the enormous acceleration of (chemical reactions by rise of tem- 
perature, the majority being about doubled by a rise of 10® (h In 
this way a reaction having a vclority of 1 at 0® would reach oiu' 
of 2 at 10®, 4 at 20® and 1 X 2“’ = 1024 at 100°. .\t the tempera- 
ture of 500® there is api)reciable formation of water in the case in 
j)oint, and Bodenstein (1800) has shown that if the velocity at bSO ’ 
be represented by lf).3, that at 482° has already sunk to 0.28; so that 
at rootn temperature the velocity would be quite incapable of 
detection by chemical means, since centuries would be needed 
to produce a fraction of a milligram of water, drove’s g}fe batters 
also proves that the two gases are not in equilibrium at ordinars 
temperatures, since electrical energy is obtained by their slow com- 
bination. 

“To take another castj of a reaction which progresses at a slow 
rate when left to itself: When methyl acetate is mixed with water 
at ordinary temperatures it is very slowly hydrolyzed to alcohol 
and acetic acid until a certain proportion of it is decomposed, s(' 
that a state of equilibrium is finally arrived at. This process takes 
many days for its completion, but the time may be shortened to ;• 
few hours by tile addition of a small amount of hydrochloric acid. 

“The objection may be made to the former of these two example^ 
that the combination of oxygen and hydrogen does not take plac 
except in the presence of water vapor, which probably acts as 
catalyst. Similarly, tlie hydrolysis of esters by water may be sai*' 
to be due to the hydrion present therein. This point of view does 
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not, however, in reality, affect the rt'asoniiij;, since tlie reactions 
can be eiionnously accelerat(‘(l l)y other bodies, which act as addi- 
tional catalysts and may be invest.i^nited in<le])(‘nd{‘ntly. It is, in 
fact, a matter of consideral)le difficulty to discoviU’ a slow reaction 
which is definitely known to tak(‘ ])lace in the complete absence of 
any catalyst. 

“Moreover, it must not be forgottiai that, as J. -J. Thomson and 
others believe, a catalyst may i)ossibly start a reaction. This is 
not, theoretically, in disagreement with the view taken by 
Ostwald. To return to our mechanical illustration, the ‘friction’ 
between the weight and the glass ])lane may be suffici(‘ntly great 
to prevent movement altogether, until oil is apjffied. Hut the use 
of the name ‘friction’ implies the idea of movement and the exist- 
ence of forces tending to produce it. One may indeed suppose 
that the weight actually does move for an infinit(‘simal distance, 
but is at once arrested by the resistance met with. From this 
point of view the definition of a catalyst would be ex])r(^ss(Hl some 
what thus: A substance which changes tlie rate of a n'action wliich 
is actually in progress, or which is (*apable of ])roc(‘eding without 
any supply of energy from without, if certain resisting influences 
are removed. The difference between diminution of friction by 
oil and the removal of a catch is that, in the fonner case the action is 
continuous throughout the fall of the weight, whereas in the latter 
case the action is only momentary, at the commencement of th(‘ 
fall, on the rate of which it has no further effect.” 

Terminology.— Within recent years attcm])ts have been made to 
systematize the terminology used in referring to enzyim; action. 
Ihe name of the substnuce on which the enzyme acts is called 
mhstraie. 

As to the names of the (mzymes themselves it is customary to 
use the* termination “ase” which denotes an enzyme and this 
termination should be added to the root of the word which names 
the substrate; for example, lactase is the enzyme accelerating the 
hydrolysis of lactose, sucrase of sucrose, maltase of maltose, etc. 

I nfortunately, in many cases old names have become so fixed that 
it IS not desirable to replace them, as, for example, pepsin for the 
acid proteinase and trypsin for the alkali proteinase. At other 
tunes the enzymes are incorrectly named from the simpler substance 
m place of the more complex substrate; for example, invertase for 
the ferment which inverts sucrose. 

it is the custom with many writers to speak of the enzymes which 
attack, say, starcli or protein, as “ amylolytic” or “proteolytic,” 
lespectively; but Armstrong has pointed out that these names 
are incorrectly formed. “Amylolytic” in analogy with “ electrolytic” 
should mean a decomposition by means of starch. To avoid this 
misuse of words he advocates the use of the termination “ clastic” 
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instead of '‘lytic,” giving ns tenns such as “amyloclastic,” “proteo- 
clastjc,” “lipoclastic,” etc. 

Enzymes ordinarily do not occur active within the cell, but 
are present in the form of a zymogen or mother substance. This 
substance, when acted upon by a specific substance, becomes 
active and the process is termed “activation.” The agency which 
is instrumental in activating a zymogen is termed “ zymo-excitor” 
or kinase. 

Properties of Enzymes.— Enzymes are known from the reactions 
which they catalyze and they are found to follow quite definite 
laws in their reactions. Some of the more important are as follows : 

1. An enzyme does not initiate a chemical reaction but only 
alters its velocity; nor does it appear in the final products of the 
reaction which it accelerates. We must, therefore, assume that 
substances are slowly changing and that the catalyst does nothing 
more than alter the speed of this reaction. The state of affairs is, 
therefore, similar to that of a mixture of oxygen and hydrogen 
gases catalyzed by platinum in which there is evidence that the 
combination takes place at room temperatures, although at an 
unmeasurable rate. Salicin, which is readily hydrolized by ptyalin 
and emulsin to glucose and saligcnin slowly decomposes in water 
at 150° C. It would, therefore, be inferred that the process also 
takes place at room temperature. Starch solutions slowly undergo 
a spontaneous change into dextrin and sugar and solutions of 
ammonium caseinogenate increase in electrical conductivity when 
left to themselves, a change similar to that which occurs when 
they are acted upon by trypsin. Taylor has shown that an appreci- 
able proportion of pure sterile globulin kept in distilled water at 
ordinary temperature for eighteen months is hydrolyzed to protease 
and that leuciii may be recovered from a sterile suspension of casein 
in pure water and that arginin may be recovered from a* solution 
of protamin sulphate in pure water. True, the reaction is slow and 
the products have accumulated only in small quantities after the 
lapse of a year; nevertheless, it is evident that the process is slowly 
occurring in the absence of the catalyzer. 

It is likely that the ferment enters temporarily into chemical 
combination witli the substance acted upon. This assumption is 
made on the ground that the sensitiveness of the enzyme often 
changes when brought in contact with the substrate and may at 
first be hard to separate. Moreover, it is definitely known that in 
some simple catalytic processes the catalyzer does temporarily 
combine with the reacting substance. This is the case in the 
manufacture of sulphuric acid, where steam, sulphur dioxid, oxygen 
and the oxids of nitrogen are introduced simultaneously into a 
large chamber when the following reactions probably occur. 

SOj + N*0» •= SOi -f 2NO 
SOi + HjO =. H 1 SO 4 
2NO 4- Oi - 2 NOj 
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Thus it is that the oxids of nitrogen serve to convert the sulphur 
dioxid to the trioxid and in the presence of air reverts to tlie original 
condition and again repeats the cycle. While in the (iay-Lussac 
tower the nitrosul-sulphuric acid is formed: 

N 20 a + H2SO4 - 2 N 02 H 0 S 02 f IIsO 
2 N 0 jH 0 S 02 + *Il 20 - 2II2SO4+ N2O, 


Where there are a number of steps in a reaction, as is the case with 
the above, it is necessary, as pointed out by Ostwald, that the sum 
of all the reactions in the catalyzed system arc more rapid than are 
the changes in the uncatalyzed. 

The classic illustration of an organic reaction of this tyj)e is that 
afforded by the production of ether from alcohol. In this ])rocess 
sulphuric acid i? employed as catalyzer and as well known this first 
combines 'with alcohol with the formation of ethyl-sulphuric acid. 


no 

\ 

C^slhOIi + SO2 

/ 

HO 

Alcohol. Sulphuric acid. 


(’sIM) 

\ 

JIOH -t- 

/ 

no 

Etljyl-Bulphuric acid. 


The ethyl-suli)huric acid reacts with another molecule of alcohol 
forming ether and regenerating sul])huric acid. 

C2n»o 

\ 

SO 2 + C21UOH 

/ 

HO 

Ethyl-sulphuric acid. Alcohol. 

Similar combinations occur with the enzymes, for it is found that 
sucrase will withstand uninjured a temperature 25° (h higher in 
the presence of sucrose than in its absence. It is difficult to sec 
how this could happen unless the enzyme entered into some sort of 
union with the sugar. 

Intimately connected with the subject of combination of enzyme 
with substrate is that of specificity, an example of which is seen 
in the fact that certain enzymes act only on carbohydrates, others 
on fats, and still others on proteins. The group of those trans- 
forming carbohydrates is further subdivided into specific enzymes 
each of which has the power of acting alone upon only one sugar. 
This property is so specific that in many cases the enzyme mil 
act upon one optically active compound leaving the ojiposite optical 
isomer untouched. This led Fischer to the fonnulation of his 
famous simile of the “lock and key” relationship. In this he 
considers that the enzyme and its substrate must have an inter- 
relation, such as the key has to the lock; otherwise, the reaction 


HU 

S()2 f- CjHfc - () - (’'illi. 

/ 

HO 

Sulphuric acid. I'.thcr. 
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docs not occur. By means of tiiis theorem it has been possible to 
foretell th(' structure of many complex substances and explain 
hitherto obscure points in biology. 

2. The chemical change brought about by an enzyme in infinite 
time is indci)endcnt of the concentration of the enzyme, but for 
shorter periods it is clearly and usually a definite function of the 
concentration of the enzyme. This means that a small quantity 
of enzyme will bring about as much ('hange as a large one, provid- 
ing unlimited time is given. In this regard, then, enzyme reac- 
tions differ from ordinary reactions in that they do not follow the 
law of mass action. This may be illustrated by the carrying of 
brick to the top of a building l)y men. (live one man sufficient 
time and he would be as able to transfer the whole pile to the top 
as would a group of men, but in the latter case the time occupied 
would bt' inversc'ly })roportional to the number of men working. 
So it is with enzymes; the intcMisity is almost directly proportional 
to tlu‘ concentration of tin* enzymes. In certain instances where 
this generalization has been found not to hold, attempts have 

been made to apply the Schutz-Borissow Law that the intensity 

of enzyme reaction is directly proi)ortional to the square root of 
the concentration. But even this generalization does not hold, for 
there jin’; a number of factors which tend to retard or accelerate 
enzyme action, ('hief among these which retard are (a) reversi- 
bility, (6) combination of enzyme with products, (e) negative 
autocatalysis, which with the ])revious factor leads to reversible 
inactivation of the enzyme, id) destruction or similar drastic changes 
in the ])roperties of the enzyme. Those which accelerate are as 
follow’s: (a) combination of the w’hole of the enzyme with the sub- 
strate when the latter is in relatively large excess, (/;) positive 
autocatalysis. 

?}. Reactions which arc catalyzed by enzymes are reversible. 
It has been conclusively shown in the case of many reactions and 
is generalized for others that .where a reaction is being catalyzed by 
enzymes it is, unless the products so formed arc removed from the 
reaction medium, reversible. This is illustrated by the saponifica- 
tion of ethyl-butyrate by means of lipase. 

C»Il7(’()(K’?H5 + H-.() - CaHjCOOH f CoHjOH 

Kthyl-biityrafe. Butyric acid. Ethyl alcohol. 

Starting with a definite quantity of ethyl-butyrate, after a time 
we find in the reacting media ethyl-butyrate, butyric acid and 
ethyl flcohol ; commencing with butyric acid and ethyl alct^hol, we 
obtain the same products as in the first case. This implies that the 
synthetic reactions which are going on in the cell are catalyzed by 
the same enzymes as are the analytic reactions; hence reactions 
that are catalyzed by enzymes are never complete unless the result- 
ing products are removed as fast as fonned» 
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4. Enzymes arc nsually characterized by gn'at sensitiveness to 
comparatively low temperatures and to many poisons, d'liis pro])- 
erty formerly was used to determine whether or not a reaction was 
being catalyzed by an enzyme; hut there an* known a few cases in 
whi(;h the enzyme is not destroyed by boiling water. The great 
majority of all enzymes are, however, destroyed by a temi)erature 
somewhat below 100° (\, many even as low as 00° ( \ This ])roperty 
is no doubt due to the colloidal nature of the h'ruK'nt which, on 
being heated, coagulates- probably mueh as does a i)rotein, for it 
is well known that enzymes are more sensitive in tlu' i)resence of 
water than in its abscmce. 

Although the addition of hydrocyanic* acid or formaldehyde to 
a media in which reactions are being catalyzed by enzynu'S ])uts 
a stop to the reaction, yet the eoncc'iit ration neec'ssary is usually 
greater than that which can be borne by the living proto])lasm. 
This makes it })ossible to kill the cell and still have* the enzyme 
reactions going on in the medium by carefully adjusting th(‘ eon- 
eentration of tlie antisejitic uscmI. 

Various methods are used in the extraction of ('iizymes. Home; 
readily diffuse out of the cell and may be taken uj) with water; 
others are extracted with glycerin or acids; in still otlu*!* ease's it 
is necessary to decompose coinjdetely the cells as did Biicliner 
in obtaining zymase. The resulting ])roduct is then often ])urili(Ml 
by alcoholic or other precipitants. This drastic trc'atment, how- 
ever, often impairs the activity of the ferment. 

Classification. —Euhnnann has classified enzymes of bactc'rial 
origin into four types as follows; 

A. Schizascs (hydrolytic) clcav;ige enzymes: 

1. ('arbohydrate-splitting enzymes. 

2. (ducoside-.splitting enzymes (synai)tas('). 

’d. Eat-splitting enzymes. Lipases (esterases). 

4. Proteases, protein-splitting enzymt'S, pe])sin, trypsin 
(lysins, coagulases). 

B. Eermentation enzymes: 

Zymase urease, lactic-acid enzyme. 

(A Oxidizing enzymes: 

Tyrosinase, acetic bacteria, oxidase. 

D. B educing enzymes: 

Reductase. 

Hydrolytic Enzymes.— As a type of the hydrolytic enzymes which 
act upon carbohydrates, we may take maltase whicli converts 
maltose into dextrose according to the following eciuation: 

C’i2H220ii + H2O - f’eHijO. I 
Maltose. Dextrose. Dextrose. 

Maltase is an enzyme which occurs in yeast, many bacteria, and 
numerous other cells. It is of special interest inasmuch as it is 
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the first case of reversible action that was studied. Craft Hill 
found that the addition of maltase to a very concentrated solution 
of dextrose resulted in the formation of a disaccharid. Tliis he at 
first thouj^ht was a simple reversion of dextrose into maltose, but 
later work sliowed that the sugar formed was an isomer of maltose. 
The essential fact, however, remained that the one enzyme possessed 
both synthetic and analytic properties. 

Kmulsion is an enzyme which possesses the power of decompos- 
ing mandelic-nitrile-glucose into glucose, benzaldeliyde, and hydro- 
cyanic acid. The mandelic-nitrile-glucose is obtained by the action 
of maltase upon the glucoside amygdalin. The total change 

brought about by the two ferments is indicated by the following 
equation: 

('2cH.7NO„ 4 2H-.() - ('eHiCHO + HCN + 2(’6ll,,()6 

Aniyg<]alin. Benzaldeliyde. Hydrogen cyanid. Glucose. 

Lipases act upon the neutral fats and are widely distributed in 
both plant and animal cells. They bring about a reaction which 
may be expressed by the following general reaction, where R ~ 
the residue of a fatty acid. 

Cn^R CH^OH 

r I 

CII— R -f 3H2() = 3RH + CHOH 

I I 

R CHsOH 

One molecule of neutral fat is split into three molecules of fatty 
acid and one of glycerin. This is the general reaction which occurs 
in the spoiling of butter or fat due to bacterial activity. 

Proteases, which possess the power of splitting proteins, are 
widely distributed in bacteria, as is exemplified by their gelatin- 
liquefying powers. This also is a hydrolytic reaction in which a 
number of molecules of water is caused to enter the protein molecule 
with its subsequent breaking down into proteoses, peptones, and 
finally amino-acid. Even this, as complex a reaction as it is, has 
been shown to be reversible in at least two cases. 

Zymases, which occur in the yeast cell, are endo-enzymes and 
their function is to liberate energy for the use of the cell, as is shown 
by the following table from the work of Rahn: 

ENERGY LIBERATED FROM 1 GRAM OF SUBSTANCE. 


Soluble enzymes. Endozymes. 

Pepsin, trypsin ... 0 calories Lactacidase .... 80 calories 

Lipase 4 “ Alcoholase .... 120 “ 

Maltase sucraso ... 10 “ Urease 230 “ 


Lactase 23 “ Vinegar oxidase . . . 2500 “ 

The first zymase isolated from a microorganism was that of 
urease, or the ferment which converts urea into ammonium car- 
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honate, and which was shown })y Miisculus to be present in the dead 
cells of MicrococciiH urew which develops in putrid urine. Zymase 
was obtained by Ibichner through the pressing of the ground yeast 
cells, as has bc(‘n described. This same method was later applied 
to the lactic acid bacteria ami the lactacidase obtaim'd. 

Oxidizing Enzymes. -The most typical example of an oxidizing 
enzyme is the vinegar oxidase, the action of which is fairly well 
known. The reaction may be written in the simide form 

(UraCIIjOlI + (). - CHaCOOH } II/). 

Since, however, many side reactions may occur, the bacterial oxida- 
tion of alcohol is not in reality callable of so sini])le an e\pression. 

Reducing (Mizynu's are the most common of ferments. Th(‘y are 
formed by ])ractically all ])lants and animals and contained l)y all 
hut a very few bacteria, Sfrrjtf. ladlnus being one of the few excep- 
tions. In this case the absence of tin* enzyim* is used as a diagnostic 
test for the organism. One of the most important reductases is 
the ])eroxidasc wdiich reduces hydrogen ])croxid to water with the 
liberation of oxygen. 

2H/)J I peroxidaHu - 211-/) I <)•.. 

Others which reduce nitrates to nitrites of particular interest to 
students of agriculture are 

2 KN<>.i - 2 KN/). I <)-. 

Or iit times they may reduce the nitrite to elementary nitrogiMi: 

2(’!i(N()3)2 ~ 2 (’a() 1 2X2 -I 

T nder,a]>propriate conditions the important element, nitrogen, 
may thus be lost from the soil by denitrification. In a similar way 
sul])hates are reduced to hydrogen sulphid: 

ii2S<)4 =- Ti2S + 202 . 
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CHAPTER VIIL 


EACTERIAL METABOLISM PRODUCTS. 

BactJIria are able to bring about enormous (Langes in their 
media in a very short time. This is due in no small measure to their 
method of metabolism which differs from that of the animal, in 
most cases, in l)eing a process of incomplete oxidation, whereas that 
of the animal is a process of C()m])lete oxidation. For this reason, 
many of the organisms of esi)ecial economic importance often leave 
products of considcTable (;ommercial value. 

Physiologic Classification. —From a ])hysiologic viewpoint Jordan 
divides the substances product^ by bacterial metabolism into four 
classes: 

1. The secretions, or those substances which serve some purpose- 
ful end in the cell economy. These may either be retained within 
the cell or may pass out into the surrounding medium. 

2. The excretions, or those substances that are ejected because 
useless to the organism; the ashes of (’ell metabolism. 

3. The disintegration ])roducts, or those bodies that are produced 
by the breaking down of food substances. Their nature is deter- 
mined ])artly by the chemical structure of the nutrient and partly 
by the specific baeP'ria concerned in the disintegration. Some of the 
movst conspicuous, if not the most important, of bacterial products 
belong to this class, enzyme activity being largely responsible for 
their existence. 

4. The true cell substance. this class belongs the cell proto- 
plasm, those products which arc being built up into cell protoplasm, 
and those substances which are being broken down but have not 
yet reached the stage where they are cast off from the cell. 

The great objection which may be brought against such a classi- 
fication is that although many products can be definitely placed, 
others, for instance i)ignicnts, cannot. 

Carbohydrate Metabolism.— Products from carbohydrate metab- 
olism vary greatly, depending upon the species of bacteria, age, 
medium, and whether grown in the presence or absence of oxygen. 
Some writers distinguish six types of microorganisms, depending 
upon the change which they produce in their media, namely: 

1. Complete oxidation which occurs only to a limited extent 
among bacteria and then only where there is a ready supply of 
oxygen, as is the case in a well-aerated soil in filters or on the 
surface of decaying substances. 

2. Partial oxidation is much more common among microorganisms 
than is complete oxidation. The product formecl is also often of 
considerable commercial value. This is the case in the oxidation 
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of alcohol to acetic acid. On the other hand, the products formed 
may serve as food to other microorganisms and thus he completely 
oxidized. Acetic acid, if not too strong, may be further oxidized to 
carbon dioxid and water, as sometimes occurs, resulting in a decrease 
in the strength of vinegar. 

3. Alcoholic fermentation is brought about by yeast; yet there 
are bacteria which possess the power of producing alcohol, but none 
of them are of economic value. Such organisms have been obtained 
from hay (B. /itizianus) and sheep manure {B. ethaccticus). The 
Bad. jmeurnonuc of Friedlander is not only a pathogenic organism, 
but also possesses the power of decomi)osing sugar solutions with the 
formation of ethyl alcohol and acetic acid. 

The reaction as brought about by yeast is due to the endo-enzyme, 
zymase, first isolated by Buchner. The reaction is de]K‘ndent upon 
a readily available supply of i>hosphate, and according to Harden 
this forms an intermediate product with ghu'ose, thus: 

2( ’cHi.!() 6 + 2l'04lllt2 - 2(’()2 + 2(A.H«() f 2Il2() I ( ’ellio* )4{I’<)4H2)2 

II 

( ’6lIlo04(P04U2)! -t- 21120 - ( 'clll^Ofl + 2P()4HR2 

According to equation (1), two molecules of glucose arc (loncerned 
in the change, the carbon dioxid aiul alcohol being equal in weight 
to one-half of the sugar used, and the hexosephosphate and water 
representing the other half. In the second equation the phosphate 
is again liberated, and the hexose presumably fermented. 
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Wolil lias (levdo])e(l a theoretical scheme of reactions by which 
the jirocess of alcoholic fermentation could be represented. In the 
first plac(' the elements of water are removed from the oc and ^ 
carbon atoms of glucose (I) and the resulting enol (II) undergoes 
conversion into the corresponding keton (111), which has the consti- 
tution of a condensation ])roduct of mcthylglyoxal and glyceral- 
dehyde, and hence is readily resolved by hydrolysis into these com- 
pounds (IV). "rin^ glyceraldehyde ])asses by a similar series of 
changes (V, VI) into mcthylglyoxal, and this is then converted by 
addition of water into lacti(* acid (VI 1), a reaction common to all 
kctoaldchydcs of this kind. Finally, the lactic acid is split up into 
alcohol and carbon dioxid ( VI 11). 

In alcoholic fermentation there also results small quantities 
(0.1 to 0.7 per cent.) of fusel oil. This contains normal propyl 
alcohol, primary isobutyl alcohol, primary iso-amyl alcohol, and the 
optically active, (primary) iso-a.myl alcohol. It was thought at 
one time tliat these resulted from the fermentation of the glucose, 
but Ehrlich in a scries of masterly researches, shows conclusively 
that their origin is the amino-acid which result from the hydrolysis 
of the proteins, the reactions of which may be given as follows: 

I 

(( CH— (Ufr-CllNH- ( 'OOII +ll20^(CH3)2 -( UlCll^CH^OH +( 'Oi +NH 3 
Lciieine. Primary igobutyl alcohol. 


II 

(’IIsCIKC’sHs) CH(Nir.)CO()H + ll.O CHaCHC^HiCII^OII + CAh + NH 3 
Isoleucine. Primary iso-amyl alcohol. 


Succinic acid also occurs among the products resulting from alco- 
holic fermentation of sugar and has its origin in the amino-acids. It 
results when aspartic acid is acted upon by putrefactive J^acteria- 

COOH ( Hr --(’H NH3(’()0II + H 2 -COOII— (’II 2 — CHi- COOH + NH 3 

This, however, differs from the first reaction in that it is a process 
of partial reduction and not hydrolysis. 

Other bacteria have been studied which possess the power of pro- 
ducing but> 1 and amyl alcohol from carbohydrates. It is still an 
o|Hm cpiestion to what extent the amyl alcohol (fusel oil) produced 
during an imjmre alcoholic fermentation is due to bacteria, for it 
is known that some alcohol yeasts possess the power of decomposing 
two protein decomposition products, leucin and isoleucin, with the 
production of fusel oil. 

4. Acid Production.— In general it may be stated that an acid 
reaction is caused by the fermentation of one of the sugars, glycerin, 
or a similar substance in the nutrient media. It is one of the more 
constant physiologic characteristics of bacteria, and in addition to 
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being of considerable econoinic value is oft(‘ii used advantageously 
to distinguish closely related species, notably in the groups of ])ara- 
typhoid and dysenteria bacilli. In a<ldition to the acid producnl 
by the fermentation of carbohydrates, many bacteria hydrol\zc 
})roteins with the formation of an acid reaction, h'ormic aci<l is 
the simplest organic acid which can be formed. It is produced 
by B. tiTphosu,s% the causative agent of typhoid fever, li. tiiphofiUff 
does not form gas, but B. coll do(\s; and in this, latter case it may 
result from the decomposition of the formic acid. 

iirooit - H'. + CO,. 

Acetic acid is one of the most im])ortant acids formed by bacteria. 
Bad. acctl and Bad. padeiirianmn arc two of the more im])ortant 
acetic acid-forming bacteria, dliey occur in fermenting fruit juices 
and convert the alcohol into acetic acid. 

Cn3-~CK2-OH + (), - ('ll:, coon f H,o. 

Many other sj^ecies also possess the power of transforming 
alcohol and other substances containing th<’ characteristic radical 
"(112(^12011— into acetic acid. This fermefttation, however, can 
take ])lace only within certain limits of concentration, and even then 
there must be availfible nitrogen in the form of i)rot coses, ])e])tones 
or amino-acids, and mineral elements, es|)ecially phosi)horiis in the 
form of a phosphate. Acetic acid is produced on the commercial 
scale by a number of processes. Two of the best arc the Orleans 
and the Quick, or Oerman, methods. 

Lactic ylch/.— This product is formed l)y a great number of bac- 
teria. Th(i chief .species, howcv(a-, is the Streptococcus lacticus 
which |\roduces only a scanty growth on agar, but an exc('llent 
growth in milk, bringing about a solid curdling in a few days. The 
lactose of the milk is first inverted forming two hexoscs— dextrose 
and galactose. 


(ViHs-iO.i + H,0 = (V.II. 2 ()a + 

Lactose. Dextrose. (Jalneto.se. 

The hexose in turn is decomposed yielding two moit'cnh's of lactic 
acid. 

(’sHnOe = 

Dextrose. I.actic iiciil. 

In actual ex})erience the reaction occurring is not as simi)le as 
written in the equation, but there are other ])roducts formed. For 
instance, B. edi ferments glucose with the formation of alcohol, 
carbon dioxid, hydrogen, lactic acid, succinic acid, and other 
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products. Tlie iiiechanisin of the fermentation as outlined by 
Harden is illustrated by the reaction. 
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Glucose. 

Lactic acid. 

Succinic acid. 


Unless some base be added to neutralize the acid as formed, the 
lactose of milk is never completely converted into lactic acid because 
the accumulation of the acid is sufficient to stop most bacterial 
growth, as is seen by the fact that meat placed in buttermilk will 
keep for some time. 

Butyric ylcid.-- Under certain conditions a further decomposition 
of the lactic acid may occur with the formation of butyric acid 
according to the following equation: 

2('3ll603 - CdUOi + 2('(h + 21 I 2 

I,iictic acid. Butyric acid. 

However, the butyric acid bacteria possess the power of ferment- 
ing sugar with the formation of butyric acid. 

(’elliaOs Oj = (’H3f’H2CH2(’OOH ^ 2002 + 2 H 2 O 

Glucose. Butyric acid. 

Although the number of organisms which possess the power of 
producing butyric acid are large, they are not as numerous as those 
which possess the power of forming lactic acid. They ai;e usually 
anaerobic spore-bearers with a tendency to form spindle-shaped 
cells, for whieh reason they have been given the name Clostridium. 
Many members of this group possess the power of fixing nitrogen; 
they probably play an important part in maintaining the nitrogen 
supply of the soil. B. hotulinus, the causative agent in meat poison- 
ing, forms butyric acid as does also B. tetani. 

In the great majority of eases bacteria produce a number of differ- 
ent products; for instance, Azotohacter chroococcmn produces from 
the carbohydrates, ethyl alcohol,. gly cocoll, acetic acid, butyric acid, 
lactic acid, carbon dioxid, and hydrogen. The quantity and quality 
of the different products vary with the species and with the carbo- 
hydrate used. 

Rapienurn ygisteurianum grows in wine and cider vinegars. It 
praalices a variety of products, depending upon the specific sub- 
stance acted upon. It produces gluconic acid CH2OH (CHOH)r 
COOH from dextrose, propionic acid (C2H5COOH) from propyl 
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alcohol (C3H7OH), and acetic acid (CH3COOII) from ethyl alcohol 
(C2H,0H). 

Other Acid Fermentation.— In addition to the acids described 
many others have been identified among the products of carbohy- 
drate fermentation. Many molds, especially, possess the ])ower of 
fermenting dextrose with the formation of citric jicid, the general 
reaction being as follows: 

cn..rooH 

/ 

2 C 6 II 12 OS + 20'. - 2H0C—C00lf f 2H-() 

\ 

CHiCJOOH 

Dextrose. Citric acid. 

Patents have been taken out on this method and attem])ts made 
to produce citric acid on a commercial scale, but so far without any 
great success. 

Oxalic acid is also produced by certain molds in sugar solutions 
and where care has been taken to neutralize the acid so formed 
one-half the calculated theoretical yield has been obtained from 
cane sugar. Formic (TI OOOH) and valeric acids ((’ilI.i(X)()H) 
are also produced by some microorganisms. 

Oxidation of Organic Acids.- Ihe organic acids formed in the 
various processes of carbohydrate fermentation lire often further 
oxidized by bacteria, yeasts, or molds to simpler products. Ordi- 
narily the process consists of a complete oxidation. Tliis may be the 
case in sauerlcraut, ensilage, pickles, etc. Thus O'idium lactis destroys 
the lactic acid of sour milk with the formation of carbon dioxid 
and water. 

CsHeO* 3 O 2 - 3 CO 2 + 311.(). 

At times the spoiling of pickles is'due to the oxidation of the acetic 
acid by yeasts which grow in a thin white scum over the surface. 

Fats.— A comparatively few microorganisms attack fjit. When 
they do the decomposition of Jthe fat is comparatively simple. One 
molecule of the neutral fat is split with the formation of one mole- 
cule of glycerin and three of fatty acids. 


H2COOC— CuHsi 

H2COH 

1 


j 

H COOC— C«H»i + 3H2O 

H COH + 
j 

3 CuH 3 i--(X)OH 

1 

H2COOC— C16H31 

H2COH 


Neutral fat. 

Glycerin. 

Fatty ackl. 


T^jjlycerin is readily used by the microorganism, whereas the 
fatt^^ids are but very slowly oxidized and that by only a few 
species. 

Products from Nitrogenous Compounds.— Proteins are complex 
organic substances composed of carbon, hydrogen, oxygen, nitrogen, 
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and geiKTally, })iit not always, siiljdiur, and sometimes plios])lionis. 
Ine proportion of these constituents is approximately 50 55 
pt^r cent.; H, 0-7.5 per cent; (), 1<) 24 per cent.; N, 15 19 per cent. 
S, wIkmi present, 0.:4-2.5 per cent. ; and V, 0.4-0.S i)er cent. Tliev are 
sul)stanees which in the main consist of combinations of rx aniino- 
aeids or their derivati\'es. The decomposition products of ])roteins 
nickide })roteoses, peptones, peptides, carbon dioxid, ammonia, 
lydrop-ji sulphid and amino-acids. Tlic amino-acids constitute a 
lon^r list of important substances which contain nuclei bclouftin^^ 
either to the alijihatic, carliocylic, or heterocyclic si'Hes. The 
I)res(‘ut list includes glycocoll (glycin) alanin, sia-in, plunvlalauiu, 
tyrosiMu, eystin, trypto])han, histidin, valin, ai'Kin, leuciii, isoleiicin, 
ly.^un, aspartic acid, glutamic acid, prolin, oxyproliii, and norlcucin. 

Many especially of the saprophytic liacteria which occur in 
tile sod, liave the power of lireaking down iiati\ e proteins with tlu' 
tormation of the various amino-acids. I'ndoubtedlv tin* complex 
organic compounds which are being isolated from* the soil, and 
which arc assumed by soim? to play such an important part in soil 
Icrtihty have just such an origin. Ikit it is usually the case in all 
media that the bacterial catabolism carry the substanct' much farther 
than the amino-acid. The extent of this change varies greatly with 
the speeies of microorganisms and the conditions under whicii they 
are acting. Kendall summari/cs some of the further changes whicii 
may occur as follows : 

1. The reductive deaminization of amino-acids to fatt\’ acids with 
the same nund^er of carbon atoms. 

m’H,ciiNJiA’ooH 1 ii 2 = Hcn-(’]r>cooii + nhs 

2. Hydrolytic deaminization of amino-acids to oxyacids with the 
same number of carbon atoms. 

H -cfi-cnNHr-c'ooii + H 2 O = R ( ii^- t’tioii ( ooii I Nir, 

5. Oxidative deaminization of amino-acids to keto-acids with the 
same number of carbon atoms. 

R (UR CmNIR- C’OOH -f O2 = R — CH2 ('() — ('OOII + NIR 

The above reactions may be taken as types of the last stages of 
tlu‘ reactions brought about by the ammonifying bacteria within 
the soil. 

4. Carboxylic decomposition of amino-acid to amine witli one 
less carbon atom. 

R--CH2-(UI— NH2— C’OOH - R— CH2- CH2-NH2 + CO2 

5. Carboxylic decomposition with the formation of fatty acids. 

R— CHr-CH2— COOH = R— CHr- CHj + CO2 
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0, (’arhoxylic decomposition with the formation of a fatty acid 
with one less carl)on atom. 


R— (Ui--CH.C(){)lt + 30 = R-(’]l„.-(’()On I ('(), + 11,0 


Some of these (;hanges are often ])rodnccd cither within food or in 
the aliincntary (*anal and are of eonsidcrahic clinical siijnificancc. 
The most important of these are indol, skatol and the ainins, the 
simplest of which is trunethylamin. 

Iiidol and ,sliatol are suhstanccs })rodiiccd in th(‘ inti'stinal tract 
from try])t,ophan chiefly by li. coll, and li. protcu.s. They arc also 
formed in ])iitrifying proteins and it is to indol and skatol tliat ])utri- 
fying siil)stances owe their intensely disa*;reeid)le odor. Indol 
gives a rose color with nitrites in acid solution and this is used as a, 
method of identifying certain bacteria. The try])tophan is deam- 
inized with the fonnatioii of indol propionic acid. Tliis is oxidized 
to indol-acetic acid.. From this latter there is s])lit off acc'tic acid 
with the formation of indol. The reactions are as follows; 


(m 

/ \ 


lie 

1 

C - (' CIK 

II II 1 

1 

IK' 

II II 1 

C ('II ('ll- 


\ 

/"\ / 

1 

(; 

N 

COOH 

1 1 

H 


Tryptoi)htin. 


C'H 



/ 

\ 


lie 

1 

II II 

-('TK 

1 

1 

ik; 

II II 

C ('ll 

1 

Clh 

\ 

/\ / 

1 

(; 

N 

('OOII 


ir ir 

Indol-propionic acid. 

CH 

/ \ 


IK' 

(' 


-Clio 

1 - 

HC 

C 

('ll 

(OOH 


\ /\ / 

(;h nh 

Indol-aeetic acad. 


c'h 

/ "x 

IK’ (' ('II 

I II II 

HC c; ('II 

\ /\. 

C’H Nil 

Indol. 


Often the bacteria split out carbon dioxid from tlu' indol-acetic 
acid with the formation of skatol; 

( ;h ( 'H 


/ \ 

HC (‘ C CH2 

I II II I - 

Hf; c; CH cooH 

\ /\ / 

CH NH 

Indol-acet ic acid. 


Hf' 

('. 

( '—( 'IK 

1 

II 

II 

HC 

C 

CH 


CIl" Nil 



Skatol. 




90 


nACTERIAL METABOLISM PRODUCTS 


Tliese substances when formed in the intestinal tract are ahsorbc'd 
and carried to the liver where they are conjugated with the formation 
of indican which is then eliminated hy 'the kidneys. The stagt's 
through which indol passes in forming indicaii are as follows* 

H H 

^ c 


/' \ 

\\r }'. -CH 

I II II + 0 

n(’ ('II 

\ / \ / 

(H NH 


Indol. 




(’ CO- 80.1 II 


/ \ 


H(' C (XUI 



r NH 

If 


Indoxyl. 

H 

O-SOHv 

\ 

IK’ (’ - (' 

KOTI I II II 

lie r ('_H 


(' NH 
H 

Indoxyl sulphuric acid. 


(■ Nil 
H 

Indican. 


/lmi//^.-Tlie simplest memher of this series is mcthylamin 
((J-I3NH2) which is jiroduced in small (juantities in the decomposi- 
tion of nitrogenous organic; matter. It occurs in herring brine along 
with dimethylamin (CHsjaNH and trimethylamin ((dkdaN. Wlien 
ahinn is acted upon by the carboxylase the carboxyl group of the 
ammo-acid is split ofi‘ with the formation of ethylaniin according to 
the following reaction: 


(’HsCIINHX’OOH - (’HaC’IKNHi f C(Jo 

Alanin. Ethyl arnin. 


Others of special interest which 
are: 


may be due to bacterial activity 


1. (’adaverin from lysin: 

CH r— C:H^CHr— -CH- K X )( )H 

I I 

NH> NH2 

Lysin. 

2. Putrescin from ornithin: 

( ' 1 1,- .( 'Ho— cilr -CJI- ( '( )( )H 

I I 

NH 2 NII2 

Ornithin. 


CH2 -CH2CH2CH2CH2 

I I 

NH, NH, + CO, 

Cadaverin, 


CHo— CH^CH 2 — CHj 

I I 

Nlli NH. 

Putrescin. 


CO 2 


d. Beta-imidazole ethylaniin from histidin: 


HC NH\ 

II JCK 


H--C NIC 

1 >CH 

C N 

1 



CHj 

1 


1 

CH2 + 

CHNHi 

j 


1 

CH2NH2 

CC)OH 



Histidin. 


Beta-imidazole ethyl-amin. 



pnoDUCTs Prom nItrogenovs compounoe 01 


Vaughan considers that hcta-lmidazole-ethylarnin is the active^ 
])rinciple of the protein molecule. Some of these amins are strong 
stimulants of the heart or vasodilators. It is (juite likely that their 
liberation by bacterial activity in the intestinal tract and their 
subsequent absorption may result in severe constitutional symptoms. 
These compounds belong to a group of substances called “ptomains.” 
They arc alkaloid-like bodies of basic character and of more or less 
well-known structure. Some of them are harmless, while others are 
apparently violent poisons. It is interesting to note that in the 
majority of cases the poisonous properties decrease or at times 
entirely disappear as purification proceeds thus indicating that the 
poisonous i)rinciple in some cases at least is an impurity associated 
with them. Their production is not limited to any one special class 
of bacteria, for Zinsser defines ])tomains as “jjoisons elaborated 
by all bacteria that are capabhi of producing ])rotein cleavage, if 
planted on suitable nutrient materials under conditions favoring 
growth. The matrix of these poisons is the ])rotein nutriment; they 
arc not products of intracellular metabolism specifically characteris- 
tic of the bacteria which ])rodiice them.” 

Bacterial toxins, in contradistinction to the ])toniains, are specific 
bacterial poisons wliich are characteristic; of each individual species 
of bacteria and are truly the j)roducts of bacterial metabolism in 
that they emanate from the cell itself either as a secrc'tion or excre- 
tion during cell life, or as an inherent element of the cytoplasm 
liberated after death. 

Enzymes which are true prorlucts of bacterial metabolism have 
been considered in detail in the preceding chaptc’r. 

Urea, uric acid, and hippuric acid are the forms in which the 
waste nitrogen is excreted by the higher animals. There are a 
great number of organisms occurring widcl}' distributed which 
possess the power of changing urea into ammonium carbonate. 
This is a simple hydrolysis. 


NII2 

\ 

CO + 2II2O 

/ 

NIIj 


NJU) 


V’O 

/ 

NH4O 


Uric acid can be changed in several ways by bacteria, that is, it 
may be hydrolyzed with the formation of dialuric acid and urea. 


HN— c— o 

I I 

O = C C—NHv + 2H2O 

I II >c = O 

HN-C-NH/ 

Uric acid. 


HN— CO 


NHj 


oc c:hoh + c 

I I / 

HN— CO NHi 

Dialuric acid. Urea. 


On oxidation uric acid yields various substances, alloxan, urea, 
oxalic acid, carbonic acid, tartronic acid, allantoinic and uroxanic 
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acid. If uric acid is given to man the greater portion of it is prob- 
ably destroyed by bacteria in the aliinentary tract, but the liver or 
kidneys of some animals secrete a uric acid-destroying enzyme or 
uricolytic enzyme, called uricase. It is ])rcsumably tbrougb the 
formation of such an enzyme that bacteria are able to decom])()se 
uric 'acid. 

llippuric acid is hydrolyzed l)y certiiin bacteria with the forma- 
tion of benzoic acid and glycocoll. 


() 

II 

(’ ('— Nil (uir roon 
/ \ 

HC CII 

I i| + IM) 

i[c; (H 

f: 

II 

llippuric acid. 


COOM 

/ 

(’ 

\ 

lie CH 

> I II f (’H>Nir.rooii 

H(’ cn 

(' 

II 

Benzoic acid. (Ilycocoll 


The glycocoll may then be deiiininized with the formation of 
ammonia and acetic acid. Many extrenicl.y complex transforma- 
tions of organic substances occur in the soil, due to bacterial 
activity. In this medium many of the changes considered above 
occur. These have been summarized diagrammatically for the 
cjirliohyd rates, proteins, oils, and waxes by Ilussell. 


C’arbo hydra lc.s; 

Proteins. cellulose. — > Oil.s. 


1 

Nil, 

.'\mino-acida. 


Acicla."! 


1 

Other compounds. 

i. 


1 

Hydroxy urids- 

“Huinus." 

Calcium 

CuHooiia Nitrites. 

1 

4, 


.snlta. 


N. J, Culcin 111 Halts, j C’O^ j COs 

Nitrates. | (’nCOi 


CnCO, 


Waxiis. 


Undcci.in- 


posed. 


Products from mineral comjiounds may be either oxidized or 
reduced by bacteria. Some of the important oxidations are the 
oxidation of ammonia to nitrites, and these in turn to nitrates. 

NHs -f 30 - HN(h + II.0 

IINOa I O - UNO.! 


These changes are of especial interest to the student of soils and 
are brought about by the nitrosomonas and nitrornonas, respectively. 

Ferrous salts may be oxidized to ferric, while sulfur may be 
oxidized to suljdmric acid. 

S + .30 + IT/) - 11,804 

The important reduction reactions are the ones which occur in 
denitrification wherein the nitrate is changed to nitrite. 


Ca(N03)2 


Ca(N02)2 + O2 
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Or the nitrate may be completely redmrd with the liberation of 
f^aseous nitrogen, thus eompletely removing it from the soil. 

2(’a(N()3)'. - 2(':iO + 2N, TK).. 

Sulphates may in a similar manner be r(‘due(‘d to h\ (lrogen suljdiid. 

lIjSO, - II-S 1 20.. 

Henee, water eontaining ealeium srdj)hate if shut off from air may 
give rise to that ill-smelling gas, liydrogiMi sulphid. 

PigmenU. Many bacteria produce' ])igments, among which are 
])raetieally all the colors of the .'spectrum violet, indigo blue' {P. 
violaceiLs, U. janfJtiiiu.s, />. cganogciic.s-, li. /;yoc//r///e//,v), gre'cri (/>. 
Jluoresceiis), yellow {StaFligloc.ocru.s (lurciis, Sarrind Infra), orange 
{Sarcina auraniiaea), and rt'd (//. la-odigio.sa.s). Csually oxygen is 
essential to the ])r()duetion of ]>igments and their intensity varies, 
depending u])on the meelia upon which the organism is grown. 

The phenomenon of pigment i>ro«luction has long attracted the' 
atte'iition of bacteriologists, and many attemjgs have' be'e'ii made te) 
explain their e)ce'urrence; but se) far ne)eie' e)f the* explanations woulel 
seem te) be whe)lly satisfae'teery. ddie pigine'iit se'e'ms to be* of ne) 
material aelvantage to the e)rganism, fe)r e'e)lorle'ss strains may be 
eultivatee] which j)()ssess all ejf the pre)jK'rtie's of the' original strain 
with the exe‘ei)tion of ])igment ]>re)elue'tie)n. Tlu're' is no evidene'e' 
that they pre)te'e‘t the eerganism against light, ne)r is there anything 
that woulel h'ael te) the be'lie'f that (anale)ge)us te) he'moglobin) they 
fe)rm a le)ose e-ombinatie)!! with the oxyge-n wliie-h unek'r eertain 
circumstances may be liberate'el. MTe ])igme*nt doe's not make it 
l)ossible for the e)rganisms te) assimilate e‘arbe)n elioxid as de)e's the 
e'hlorophyll e)f the higher plants in the majority e)f cases. The best 
evidene'e, therefe)re, pe)ints te) the ce)ne*hisie)n that tht'y are' mere 
by-products that have ne) particular nmaning te) the* e)rganism. 

Beijerinck divides chre)nie)genie' bae-teria inte) three' e'lasses: 

1. Chroma phorous badma, in whie'h the j>igment re'inains within 
the cell and has a eertain bie)le)gie‘al signifieane*e amde)gous te) the 
chlorophyll of higher plants. To this e*lass belong the* green bacteria 
anel tl>e red sulphur bacteria, eer puri)le bae-teria. 

2. Chromoparous, or true pig ni rut-form in g hadrria, whie'h set free 
the pigment as a useless excretion, either as a e'e)le)r-be)dy or as a 
leueo-body which becomes colored through the actie)n e)f atnmspherie; 
oxygen. The cells themselves are colorless and may under (.‘crtain 
conditions cease to produce pigments. 'i\) this class belong H. 
prodigiosujf and others. 

3. Parachrome haderia which form their pigment as an excretory 
product but retain it within their body, as P. janthinns and others. 

The chemical nature of pigments is not well understood, but it is 
known that they differ in solubility and are usually classified 
according to solubility in water, alcohol, chloroform, ether, benzol, 
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and other solvents. The pigment produced by Azotohacter chroo- 
coGcurn is insoluble in all of these solvents but dissolves in alkalies 
undergoing decomposition with the formation of a dark brown 
solution. 

Heat.— Probably all bacteria liberate energy as heat in their 
metabolic process and there are a niiml)er which liberate it in suffi- 
cient amount perceptibly to change the tianperature of the media 
in which they grow. This is exemplified in the heating of fermenting 
silage, manure, and hay. At times the temperature is raised to the 
kindling point with the result that spontaneous combustion may 
occur in hay and grain stacks. Bacteria generate considerable of 
the heat, but other chemical ])rocesses are also active. 



Fig. 14.— Photogenic bacteria colonies on a plate photographed by means of iheir 
own light. (Lafar.) (Buchanan's Household Bacteriology.) 

Light.— Sometimes one sees on the surface of decaying wood, 
fish, or various meats a bright illuminated surface which at times 
may be sufficient for the photographing of objects in an otherwise 
dark room. This is due to the growth of certain light-producing 
bacteria. Other organisms produce a beautiful phosphorescence. 
The organisms producing light are especially prone to occur in saline 
waters and are invariably aerobes. 
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CHAPTER IX. 


INFLUENCE OF TEMPERATURE AND LIGHT ON 
BACTERIA. 

Tempekatuhe influences life phenomena in two ways “chemi- 
cally and physically. Chemically, heat influences powerfully the 
reacting velocity within the cell and the aggregate condition of the 
molecules, or coagulation. Physically, temperature influences the 
viscosity of the li(piids composing the cell. 

Temperature and Speed of Reaction.- According to t\w law of 
Van’t Hoff and Arrhenius, a chemical reaction is increased two or 
more times its original speed whenever the temperature is incrcas('d 
10° C. This holds good for the reactions in living organisms, within 
certain limits of temperature, as well as for non-living, as may be 
seen from the following table given by Clausen in which is recorded 
the numl)er of milligrams of carbon dioxid produced by 100 grams 
of lupine seeds in one hour: 


Teniporature. 

Carbon dioxid 
produced. 

I inreuHr 
!or Kf- C 


7,27 


5 

13.S7 


10 

18.11 

10.84 

15 

;i4..37 


20 

43.55 

25,44 

25 

.58.70 


30 

85.00 

41.45 

35 

100.00 


40 

115.90 

30.90 

45 

104.45 


50 

46.20 

69.70 

55 

17.70 


The above 

table shows that for temperatures below 40° C 


is a general increase in the speed of the reactions with increases in 
temperature. However, at higher temperatures the amount of 
(•arbon dioxid diminishes rapidly with further increase in tempera- 
ture. This is very generally observed in enzymatic processes, as at 
temperatures over 60° C. enzymes are rapidly decomposed and 
inany become immediately inactive when they are heated up to 
63° to 65° C. This may be due to the fact that the enzymes them- 
selves undergo hydrolysis which also would follow the temperature 
law of Van’t Hoff and Arrhenius. Furthermore, enzymes are prob- 
•il>ly protein and would undergo heat coagulation. This would 
reduce the reacting areas betwew enzymes and fermentable sub- 
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stance, and liciice decrease proportionally the speed of the catalyzed 
reaction. 

The protoplasju comj>osing the bacterial cell consists of carbo- 
hydrates, li})ins, proteins, and ash havin^^ a definite structural 
arran^^enient within the livin^^ cell. The cellular protoplasm is, 
therefore, a c(»lloid existinj^ during life in the soluble condition, but 
when heat(‘d there occurs an irreversible n'action with the forma- 
tion of a ^^el. This heat-co:i<rulation of the |)rotein is cxidained by 
]{ol)(Ttson as essentially a phenomenon of dehydration, the first 
stage of which consists of internal neutralization through the loss 
of the elements of water from end-groups ( — Nib and — ('OOH), 
thus: 

II 2 N HCOII \ -K (’(H)1I - }[\ -H (’OH N +IHO' 

111 th(‘ second stage, or true coagulation, there is a polymerization 
of the amino-acids with the formation of the irreversible gel. 

2 IHN l{-(’OH \ U (’OOM - Hn\ R-nOH N H ('Oil \— 

K (’OH \ 1{ (’OOH + HX) 

Relation to Heat. From the abovi* tln'oretical consideration we 
should expect to find, and do actually find, an ui)])er temperature 
limit at whicli all organisms cease to function. This upiier limit 
varies considerably with th(‘ spi'cies of bacti'ria. and the condition 
under which it is being held. />’. />//c.vp//oms*cc/i,v will not grow above 
37° (\, Ji. U(hcrcuh)sis almve 42° (\, />. thermophiUs abov(> 72° C., 
and Setchell has found bacteria li\’ing in the water of hot springs 
at a tempi'rature of 89° C. 

44iis great variation in temperature r(‘(|uir(‘mcnt of bacteria has 
led to their division into four classes: 

1. ThrrnHfphillc, or heat-loving hacterio, are those that develop 
at relati^’ely high temperatures, usually above 4.5° to 50° C. These 
organisms occur in the water of hot springs, in decaying piles of 
('onipost (w manure, in fermenting ensilage, in the intestinal contents 
of man and animals. To this class belong the non-rnotile bacilli 
isolated by Mi(fuel from the Seine, which grew rapidly at tem- 
jx'ratures around 70° (’., as does also the so-called '' Miidcdinns 
thcrmopMlcs” described by Tsiklinsky, which develop readily at 
tem])eratures slightly above this. Most of the therrnophiles are 
spore-bearing bacilli of little or no practical importance. 

2. Pmjchroplnlk bacteria are those which grow best at relatively 
low temperatures, usually below 10° C. They are most eommon in 
cold waters such as those of springs, wells, the depths of lakes or 
oceans and the soils of arctic regions. Forster has described certain 
phosphorescent bacteria, which he isolated from sea water which 
grow readily at 10° C. Many bacteria of the soil must belong to this 
class, as Conn and Brown have repeatedly shown that soil bacteria 
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increaso in niniibcr near the freezing-point. Some bacteria of this 
type probably jilay important rbh'S in soil fertility and in tlie decay 
of foods in cold storage. 

d. Mesophtlic bacteria are those whose optimum temperature is 
between these two extremes. They comprise thc^ great group of 
pathogenic organisms occurring in the bodies of men and animals. 
'To this class also belong many of the decay and putrefying organisms 
found m the soil. All of the more important bacteria belong to 
this group. 

Three temiM'ratiire limits may be distinguished for bacterial 
growth: (a) Mwimiiiu, the lowest temj)erature at which bacterial 
growth will occur. This for the true thermophiles is about 40® C., 
for s(Jme patliogcnic 29® ( ’., and for the mesophilic as low as 0® ('., 
or in solutions which do not solidify it may be even lower than this. 
{h) Optimum, that ol most luxuriant growlh. This, like the minimum 
temperature, varies greatly with the species, (c) Maximum, the 
highest temperature at which growth and multiplication can take 
jilace. this may be a few or many degrees above the o])timum. 
For the thermophilic it may be as high as 89® (k, whereas for the 
pathogenic bacteria it lies between 40° and 50® C. The growth of 
some pathogenic organisms at a high temperature for some time 
causes them to lose their viruhaicc or disease-producing ikiwct, and 
is, therefore, made use of in the ])reparation of vaccines. 

I he temperature relations are seen from the following table 
ri'ported by Fischer: 


I’sychrophilic bacteria 
iM(-sophilic l)actcri.a . 

blicnuophilic bacteria 



Temperature. 

Mininnnii. 

Optimum. 

Maximum. 

0 

15 20 

30 

1.5 25 

37 

43 

2.5-45 

.50 55 

S5 


Many vvab-r bacteria. 

Pathoffcnic bacteria 
and others. 

Spore-bcariiiK bac- 
teria from soil, feces 
and thermal sprinK«. 


1 he growth temperature range of an organism is the number of 
degrees difference between the minimum and maximum. This is 
ery small with some bacteria like the gonococcus, the pneumococcus, 
the tubercle bacillus, and others which are highly susceptible to 
tcinperature changes and have the jmwer of growing only within 
limits varying but a few degrees from the optimum. However, 
most pathogenic bacteria may grow at temperatures ranging 
letween 20® C. and 40® C. Others, like the colon bacilli group, the 
nacillus anthracis, and the Spirillum cholerw asiaiicw, may develop 
ut temj)eratures as low as 10° C. and as high as 40° ('. or over. The 
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range of temperature at which saprophytic bacteria, including soil 
organisms, may develop is usually a far wider one. These points 
are well illustrated by the following table taken from Fischer: 



Temperature. 


Minimum. 

Optimum. 

; Maximum. 

mum and maximum. 

B. phosphorescens 

9 

20 

1 38 

29 

B. fluorescens 

5 

20-25 

i 38 

33 

B. subtilis .... 

6 

30 

i 50 

44 

B. anthracis .... 

12 

37 

1 45 

33 

Vibrio cholera; 

10 

37 

1 40 

30 

B. diphtheria; 

18 

33 37 

' 45 

27 

Mic. gonorrhea; . 

25 

37 

39 

14 • 

Bact. tuberculosis 

1 30 

37 

42 

12 

B. thermophilis . 

40 

60 

80 

40 

The fatal temperature may 

l)e even 

somewhat higher than this. 


It will vary with a number of factors, the condition of the organism 
playing a great part. For instance, Duclaux found that certain 
bacilli (Tyrothrix) found in cheese are killed in one minute at a 
temperature of from 80° to 90° C., whereas for the spores of the same 
bacillus a temperature of from 105° C. to 120° C. was required. 

Duclaux considers it erroncus to speak of a definite temperature 
as a fatal one; instead he considers it better to speak of it as deadly. 
This is due to the fact that the length of time an organism is exposed 
to a high temperature is important. This is illustrated by the experi- 
ments of Christen on the spores of the bacilli of the soil and of hay. 
The spores were exposed to a stream of steam and the time noted 
which was necessary to kill the spores at the various temperatures. 


Temperature. 

100 ° 

105-110 

115 

125-130 

135 

140 


Time reqirod to kill spores, 
over 16 hours. 

2 to 4 hours. 

30 to 00 minutes. 

5 minutes or more. 

1 to 5 minutes. 

1 minute. 


Moist heat is much more effective as a germicide than is dry 
heat. The probable explanation of this is that where dry heat is 
applied it must be high enough to decompose the organic constit- 
uents of the cell, the proteinaceous substance being in the form of 
the anhydride which can, in the presence of moisture, take up water 
according to the following equation: 

H N— R— ( N— RC O 4- n^O = H2N— RCOH-N— R— coon 


Two or more molecules of this hydrated protein would then con- 
dense with the formation of the non-reversible gel. 

2H2NRCOHNRCOOH = H2N— R— COH— N— R COH— N— R COH NR— 
COHNR— COOH + H 2 O 
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That moisture is essential for coagulation of proteins is illustrated 
l)y the following table from the work of Hiss and Zinsser: 

Ekk albumen in dilute aqueous solution coagulates at r)0° C. 

“ “ with 25 per cent, water coagulates at 74° 80° (1. 

» “ “ 18 “ “ “ 80°-90°C. 

“ “ “ fi “ “ “ 145° 

Absolute anhydrous albumin, according to Haas, may be hetitcd 
to 170° C. without coagulation. 

Moreover, moist heat is much more penetrating than is dry heat. 
This is illustrated by an experiment carried out by Koch and his 
associates. Small packages of garden soil were wrapped with vary- 
ing thicknesses of linen with thermometers so placed that the tem- 
perature under a definite number of layers could be determined. 
These were exposed to hot air and steam for four and three hours, 
respectively, with the following results: 


Tcinprrat.urcrf rfiiu'hod williiii ihifkncatfC'Nof linen. 


Temporature-s. 

I IIIU‘ of 
application. 

20 thick- 
1 nesses. 

] 10 thick- . 
nesses. ' 

100 thicknesses. 

Hot. air 

. 130°-140°C. 

4 hours 

1 .80° 

72° 

Holow Incoiiiplctc 






70° .sterilization 

Stoani . 

. 1 90° 105.3° r. 

3 hours 

! 101° 

101° 

101.5° Complote 


sterilization 


The comparatively low specific density of the steam enables it to 
displace the air from the interior of materials. Furthermore, when 
the steam (omes in contact with the substance to be sterilized it 
condenses with a liberation of heat. This in the case of water vapor 
amounts to 530.0 calories. 

Although the spores of certain bacteria of the soil can withstand 
live steam for several hours, they may be destroyed in a few minutes 
or even instantaneously in compressed steam ranging in tem})crature 
from 120° to 140° C. 

The germicidal action of the great majority of disinfectants is 
due to a chemical reaction taking place between the protoplasm of 
the bacterial cell and the germicide. This reaction follows the 
temperature law of Van’t Hoff and Arrhenius. Hence, the mere 
raising of the temperature a few degrees of a sugar, salt, acid or 
alkali solution makes of it a disinfectant. 

Thermal Death Point.— The thermal death point of an organism 
is the lowest temperature that will certainly destroy it under definite 
conditions. These conditions are time (which is generally taken as 
ten minutes), amount of moisture present, the reaction and com- 
position of the medium in which the organism is lieated, and the 
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])rescnce or ahsonco of spores. The thermal death point of bacteria 
varies with the specific character of the organism (some organisms 
being much more resistant to heat than arc others) and the ag{! of 
the ciiltnre, young cultures })eing more resistant tluin older cultures 
which have not formed s])ores, especially wlicn heated in the prod- 
ucts resulting from their nietabolism. 

Cold.- li has been shown that the eritcrion for death is the non- 
reversibility of the change brought about by the agency in question. 
Now, does the lowering of the temi)erature bring about irreversible 
changes in the protoplasm as does the raising of the temperature? 
It is known that even intense cold does not cause these irreversible 
reactions in ])roteins. Where death 'does occur in cold-blooded 
animals and in plants, it must be due to the formation of ice crystals 
in th(‘ cells which may mechanically injure and kill them. This 
seems to be the case in the freezing of plants. Another irreversible 
change is connected with the thawing of the cells which have been 
frozen. Jhirring these two secondary and mechanical complications, 
the lowering of the tc'inpcratures does not seem to bring about 
iiTcv(‘rsible changes in the condition of the protoplasm wliicli are 
incompatible witli life. 

When the temperature of the protoplasm becomes sufficiently 
low, for example, approximately 0° (k, the velocity of the chemical 
reaction becomes so small that the niaTiifcstations of life cease. The 
same is the case where the water content is sufficiently decreased. 
Ihis is the reason why seeds of higher ])lants and spores of bacteria 
can be kej)t alive so long, [.ack of water may reduce the reaction 
Velocity of the hydrolytic ])rocesses in these at ordinary tempera- 
ture to such an extent tliat it may become jmictically zero. So 
resistant are bacteria to low temj)crature that they may be frozen 
solid and kept in this condition for days and (‘ven weeks, and many 
survive. iNFany bacteria, including the ty])hoid iind colon bacilli, 
will survive freezitig for twcuty-four hours in liquid hydrogen 
( 202 ° (\) and develop vigorously when l)rought into suitable 

media at an oi)timum tem])eraturc. Bacteriji do not lose their 
virulenc(‘ when cx])osed to low temperaturt's, as is the case when 
expos(‘d to comparatively high temperatures. There is, how'ever, 
a tendency for the number of organisms gradually to decrease as 
they are kept in the frozen condition. When tyi)hoid bacilli are 
frozen in water, ap])roximat(‘ly 1)0 per cent, of them die during the 
first week, I).') ])er c(‘nt. succumb by tin* end of four weeks; but from 
four to six months’ continuous freezing is required to kill all of the 
organisms. The specxl with which bacteria disapi>ear from a frozen 
medium varies greatly with the nature of the medium. It is very 
slow in colloidal substances and much faster in crystalloids. Alter- 
nate freezing and thawing in colloids is much less disastrous to 
bacteria than the .same treatment in aqueous solutions. It is prob- 
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able that tlie crystals formed in tli(‘ frc(>ziiio- „1’ waiter pljiy a, great 
l)art ill the meeliaiiieal injuring of tlu‘ bacteria, ^riie freezing of tb(‘ 
soil increases not only the nninlx'r oi bacteria within it, but tin* 
ammonifying and nitrogen-lixing iiowia-s of tin' soil. Whether or 
not this will \ar} w'lth tlu* wati'i* eontiait ol the soil has not yet lieen 
.mswered, but it is likely that as tlie moistun' content inerc'ased 
the greater would be the injurious inlluenee of tlu' low temperatures. 

Light.— that light greatly alleets the metabolism of tlu* living 
(ell is well known. Ilow’ever, baett'ria are e\’('n more sensitive to 
light than an* most cells. 1 lilfusc'd daylight exi'rts a hindering elfeet 



1*1(1. 15. thickly sown plixti.' culture of typhus on :ij;;ir-aKar. C'ovcrcd 

with pap(!r letters and expost'd to the sun’s rays for one and a lialf lauirs, then kept 
twe^nty-four hours in ttie dark, whereupon development of thickly eonsregated 
Avhitish colonies was found only at tlie parts covered l>y letters. (After It. Ihichner.) 

Upon bacterial growth and metabolism, whcTctis direct sunlight is 
highly injurious to certain bacteria, many mierodrganisms being 
hilled almost instantly wdien ex])os(‘d to tin* full action of the sun’s 
rays, ddie different colors of tht* s])(‘etrum do not act alike. The 
longer rays, from red to green, are practically without influence 
upon bacteria, but the blue and violet rays have the most marked 
germicidal, power. 

Since light has no effect upon bacteria in a vacuum, it has been 
inferred that the changes brought about in the ba{;terial c^ell arc 
primarily oxidation changes which are incompatible with the life 
of the cell. This reaction is brought about more rapidly in those 
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cells which contain considerable fat, and this may be the reason 
why some spores which contain an oily substance are esi>ecially 
sensitive to light. Death of the cell in many cases may be due to a 
tyi)c of coagulation like heat coagulation, for Bo vis has shown that 
protein solutions in quart vessels are coagulated by exposure to 
ultra-violent light. This consists of two stages—first, that of dena- 
turation, and second, agglutination, or flocculation. 



chapt;eu X. 

EFFECT OF aPHER ACxENTS ON BACTERIA. 


Radium Rays.— Fernan and Pauli have shown that the exposure 
of proteins (scrum albumin) in acid or alkali solution to radium 
radiations causes their coagulation. It is well known that the expos- 
ure of living tissue to these rays cause their destruction, and attempts 
have been made to treat certain bacterial diseases by their use, but 
so far without any great degree of success. The sterilization of milk 
and other foods by this method has been suggested, but its practical 
application appears to be improbable on account of the cost and 
uncertainty of the results. 

The fixation of elementary nitrogen by A. chroococcmri is dis- 
tinctly increased when the air is activated by pitchblend, somewhat 
better results being obtained with weak than with stronger radio- 
active intensity. Attempts have been made to force higher plants 
by its use, but so far without any practical success. 

Rontgen Rays.— Although rontgen rays arc used in the treatment 
of microbial diseases of the scalp and skin, it has been conclusively 
shown that they are not even inhibitory, let alone fatal to the cells. 
This is seen from the results by Zeit, who found that bouillon 
and hydrocell-lluid cultures in test-tubes of non-resistant forms of 
bacteria was not killed rontgen rays after forty-eight hours’ ex- 
posure at a distance of 20 mm. from the tube. Tubercular sputum 
exposed to these rays for six hours at a distance of 20 mm. from the 
tube caused acute miliary tuberculosis of guinea-pigs inoculated 
with it. The hopes that were entertained of being able to disinfect 
the diseased body by this means have not been realized. The clinical 
results which are sometimes obtained must be explained by factors 
other than their direct germicidal influence, possibly by the pro- 
duction of ozone, hypochlorous acid, extensive necrosis of the deeper 
layers of the skin and phagocytosis. 

Electricity.— The influence of electricity itself upon micro- 
organisms is probably very slight, but it is often difKcult nicely 
to differentiate between purely electrical effects and chemical 
changes which are produced in the media by the electric current. 
A direct current passing through a nutrient medium will cause an 
electrolysis which is usually manifest by the generation of acid on 
the positive electrode and alkali on the negative. The passing of 
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Jill electric ciiiTent tlirou^Ii a sodium clilorid solution brings about 
an cxtrcnu'ly (-(unplex cliange,as indicat'd in the following c(juations: 

= 2Na -|- CI 2 
2N£i + 2HOH - 2Na()II + II 2 

4(:i + 2H01I = 4HC1 + O 2 

2NaOII -1- 2Cl - NaClO + NaCl + IL/) 

3Na(210 = NaCnOs + 2NaCl 

Many of the products so formed, if in sulHcicnt concentration, are 
good germicides and would be, therefore, the agents causing death 
instead of the eleetrieity doing it. Moreover, the passing of an 
alternate current through a medium may lu^at it sufliciently to kill 
many bacteria. When the solution is j)rop(‘rly cooled the action 
of the current is practically zero. 

Zeit, who has made a very careful study of the ellect of electricity 
upon bacteria, summarizes his findings as follows: 

‘‘1. A continuous curnait of 2()0 to 420 milliamperes passed 
through bouillon cultures kills bacteria of low tliermal death points 
in ten minutes by the production of heat - 98.5° C. Tlu^ anti- 
septics produced by electrolysis during this time an^ not suflicient 
to prevent growth of even non-spore-bearing bactc'ria. 44ie effect 
is a purely jdiysical one. 

“2. A continuous current of 48 milliamperes passed through 
bouillon cultures for from two to three hours does not kill even 
non-resistant forms of bacteria. 44ie temperature j)roduccd by such 
a current does not rise above 87° (5 and the electrolytic products 
are antisei)tic but not germicidal. 

“3. A continuous current of 100 milliamj)ercs passed through 
bouillon cultures for seventy-five minutes kills all non-resistant 
forms of bacteria even if the temperature is artificially kept below 
37° C. The effect is due to the formation of germicidal electrolytic 
products in the culture. Anthrax spores arc killed in two hours. 
Subtilis spores were still alive after the current was passed for three 
hours. 

“4. A continuous current passed through bouillon cultures of 
bacteria produces a strong a(;id reaction at the positive pole, due 
to the liberation of chlorin which combines with oxygen to form 
hypochlorous acid. The strongly alkaline reaction of the bouillon 
culture at the negative pole is due to the formation of sodium 
hydroxid and the liberation of hydrogen in gas bubbles. With a 
current of 100 milliamperes for two hours it required 8.82 mg. of 
sulphuric acid to neutralize 1 c.c. of the culture fluid at the negative 
pole, and all the most resistant forms of bacteria were destroyed 
at the positive pole, including anthrax and subtilis spores. At the 
negative pole anthrax spores were killed also, but subtilis spores 
remained alive for four hours. 
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“5. The coiitihiKHis ciirrciit alone, hy means of I )uHois-llav- 
inond’s method of non-])oljiri/jii»’ electrodes and (‘xelnsion of (‘lu'mi- 
eal elfeets hy ions in Kruger’s sense, is neither baeha’ieidal not ;inti- 
septie. The ap])areiit juitiscptie effect on suspensions of bacteria 
is due to eleetrie osmose. Tlie eontinuous electric current has no 
l)aeterieidal nor aiitisei)tie properties, but can destroy bacteria 
only by its physical effects heat -or eliemieal elf(‘ets tlie ])rodue- 
tion of l)aet(TieidaI substances by electrolysis. 

“0. A inasnetie field, either with a helix of win' or l)etwt'(‘n tlie 
poles of a powerful electromagnet has no antis('ptie or baelc'ihidal 
effects what(;\'er. 

“7. Alternating currents of a three-inch Uuhmkorff coil jiassed 
through bouillon cultures for ten hours fa.vor growth and ])igment 
Iiroduction. 

“8. High fretpicney, high [mteiitial eurn'iits Tc'sla rurr('nts - 
have neither antiseptic* nor bacterieida.1 ])roperties wlu'n passed 
around a baetc'rial suspension within a solenoid. WIk'ii ('xj)osed to 
the brush discharges, ozone is ])rodue('d and kills the bactc'i ia.” 

The eleetrie eurrent is used in tin* ])urifieation of sewage*, the 
sterilization of milk, the improvTinent of wiiu's, and tlu' purification 
of water. In ;dl of these eases the effect is due to a elu'mieal pro- 
duced by the eleetrieity. The purification of watc'i* is du(‘ to the 
ozone formed, which in turn acts as an oxidizing agent toward tin* 
bacteria. Although expensive, it is one of the most ('ffeetive means 
of rendering water safe. 

Drying. The results which liave been rejwrted on the inflia'iiee 
of drying upon bacteria are exceedingly divergent. This is due 
mainly to the fact tliat the influence exerted by drN'ing varies with 
a number of factors, chief among which are: 

1. Bacteria*d;hat are killed in a few minutes in direct 
sunlight may live for weeks in a dark place or even in diffused 
light. 

2. O.i ygcu. -Viiuli and his associates consider death through 
drying as due to an oxidation process. They found that bacteria 
die much faster in pure oxygen than in air. Moreover, they found 
that the number of bacteria dying in unit time under eon.stant con- 
ditions is proportional to the number surviving, therefore, com- 
parable with the simplest chemical i)roces.ses, the monomoleeiilar 
reactions. 

3. Thwkness and Nature of the Medium in Whwh They Are 
Dried.— In a dried medium bacteria usually die quickly but may 
survive long in sputum or feces. Moreover, bacteria sus})cnded in 
the extract from a rich clay loam before being subjected to desicca- 
tion in sand live longer than if subjected to de.sieeation after sus- 
pensions in a physiological salt solution. 

4. The More Coinplete the Drying the Shorter the -Alternate 
drying and moistening is unfavorable. 
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5. The Higher the Temperature the Sooner the iBacteria Perish.— 
Death due to drying is probably in some eases due to a non-reversible 
reaction which follows the well-known temperature law of Van’t 
Hoff and Arrhenius. In other cases it is ‘undoubtedly due to the 
increased osmotic pressure produced by the removal of the moisture. 

6. Old cultures, unless they be spore bearers, succumb sooner to 
drying than do young cultures. 

7. The influence of drying upon bacteria varies greatly with the 
species. Whereas the gonococcus, pneumococcus, spirochete of 
syphilis, cholera spirilla, and Pfeiffer bacillus can withstand drying 
only a few hours, the tyjflioid, diphtheria, and tubercle bacilli may 
survive days; and tetanus, anthrax, and many soil organisms may 
survive drying for months or even years. Ammonifying, nitrifying, 
and nitrogen-fixing bacteria have been isolated in great numbers 
from soils which have been kept in tight bottles air-dry for more than 
fifty years. Even the non-spore-forming types of Azotobacter will 
withstand desiccation over sulphuric acid for a considerable time. 

Osmotic Pressure. -Bacteria vary greatly in their ability to with- 
stand great osmotic changes. Some are quickly plasrnolyzed in 
solutions having low osmotic pressure, whereas others can grow in 
strong sugar or salt solutions. This factor plays a great part in the 
preserving of fruits by means of sugar, of pickles and cabbage by 
means of salt, and many fruits by drying. Those fruits which have 
the highest carbohydrate content, such as grapes and prunes, are 
especially easy to preserve by drying. 



Fia. 16. — Plasniolysis of various bacterial cells. (Buchanan’s Household 
Bacteriology.) 


Probably the great osmotic pressure in the soil solution of alkali 
soils plays a great part in retarding the bacterial activity of these 
soils. In this case, however, there is also a physiological factor in 
which the living protoplasm of the cell is so changed in its chemical 
and physical properties that it cannot function normally. It is 
found that equivalent osmotic concentrations of sodium and potas- 
sium salts act very differently upon some bacteria. 

Pressure,— Bridgman found that the application of very great 
hydrostatic pressure resulted in the coagulation of white of egg. 
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He applied the pressure very slowly to avoid any rise in temperature 
due to the compression. That the effect is not due to heat is further 
demonstrated by the fact that it is more easily obtained at 0° (\ 
than at 20° C. The application of five thousand atmospheres pro- 
duces stiffening of the white of egg; six thousand atmospheres 
applied, for thirty minutes, produced an appearance of the white 
resembling that of curdled milk; and seven thousand atmospheres’ 
pressure brought about complete gelatination. 

These facts seem to indicate that high pressure is fatal to many 
bacteria. Experiments have shown this to be the case. B. anthracLs, 
B. 'pseiuhdiplitherm, M. pyogenes, var. aureus, and Oidium lact'is 
survived after being subjected to a pressure of 2000 atmospheres for 
ninety-six hours. The pigment production and virulence of patho- 
genic organisms were either diminished or completely lost after such 
treatment. 

Successful attempts have been made to preserve fruit and vege- 
tables by exposing them to high pressure. Apple juice subjected 
to 4000 to 6000 atmospheres’ pressure for thirty minutes did not 
later develop gas. Peaches and pears exposed to this j)ressure did 
not spoil for five years. Those vegetables on wliich are found resist- 
ant spores could not be preserved by such pressures. It therefore 
appears that pressure high enough for the coagulation of the proteins 
is fatal to the less resistant bacteria. 

The power of resisting and actually functioning under high 
pressure is especially necessary for the denitrifying bacteria which 
live at the bottom of the ocean and return to the atmosphere the 
thousands of tons of combined nitrogen which is carried each year 
to the ocean from the soil and in the sewers. 

Shaking.— It is well known that proteins may be coagulated by 
shaking and that proteolytic enzymes undergo important modifica- 
tions under the influence of shaking. An active solution of proteo- 
lytic enzyme introduced into a reaction tube and agitated for two 
minutes may lose as much as 75 per cent, of its activity. After five 
minutes the disappearance is almost total. The effect of shaking 
varies with the speed, temperature, and reaction of the medium in 
which the ferment is placed. This phenomenon is known to be due 
to a coagulation or absorption of the substance, and it is quite 
possible that part of the influence exerted by shaking upon bacteria 
is due to this factor. It is known, however, that bacteria may be 
broken into the finest particles by the rapid shaking of cultures 
causing death at times by a disintegration of the cell body. 
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EFFECT OF CIIEMKIXT.S ON 15ACTEHTA. 

Chemotaxis. -It has hecm re])eatc<lly demonstnited that bacteria, 
like otlier free-moving orj^aiiisms, arc ai)parently attracted by cer- 
tain clicmical substances in solution (i)ositive cliemotaxis), and 
repelled by others (negative cliemotaxis). 

Pfeilfer, who was the first to study this idieiiomcnon, developed a 
very simple and ellicitiiit method of studying it with bacteria. A 
capillary tube, sealed at one end and from .3 to 10 mm. long, is 
filled with a .3 per cent, slightly alkaline solution of Liebig’s beef 
(‘xtract or of pejitone. The outer surfacH* of the glass is carefully 
cleaned from any traces of the bouillon and is ])lac*ed in a drop of 
water containing bactcu-ia. In a few seconds tlu^ liacteria are found 
to thickly congregate around the opiai end of the capillary tube. 
According to the view held by JiMinings, the swarming of biicteria 
around any jioint, where favorable nutrient conditions exist is not to 
be looked ni^on as diu^ to a definite attraction exerted upon the 
bacterial cell, but as caused simply l)y the tendency to remain at 
those points where the conditions an; favorable. But this does not 
seem to be the true explanation, for had the capillary tube been 
filled with sugar, or glycerin, which are the best foodstuffs aud richest 
sources of energy, there would have been no such gathering of the 
the bacteria at the cn<l of the tube. Aloreover, a solution of 0.019 
per cent, potassium chlorid plus 0.01 })er cent, mercuric chlorid 
attracts bacteria by reason of the potassium which it contains, but 
they rush into the tube only to meet their death from the mercury 
salt. 

The explanation given by Ivoeb seems to be more reasonable: 
“Theoretically, we may assume that if sul)stances dilfuse in air or 
in water, the particles move in a straight line away from the center 
of diffusion. If they strike an organism whose surface is affected 
by the diffusing substance on one side only, the contractile proto- 
plasm, or the muscles, turning the tip or the head of the whole 
organism toward that side, are thrown into a different state of con- 
traction from their antagonists. The consequence is a turning or 
binding of the tip of the head until symmetrical points of the chem- 
ically sensitive surface of the body are struck by the line of dif- 
fusion (or the diffusing particles) at the same angle. As soon as 
this occurs the contractile elements on both sides of the organ or 
organisms are in an equal state of contraction, and the animal will 
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bejid or move in the direction of tlie lines of dillnsion.” Why one 
snl)stance should act positive and another Jie^nitiv(‘ is at i)resent 
(piitc inexplieahle. 

Chemotaxis can take place only in media wliieh ])ermit free 
movement and its s])here of action is eom])arati^'ely small. Different 
kinds of haeteria hy no means react in the same way to the same 
suhstance. Furthermore, the action, wlu'tlua’ })ositive or negative, 
eli(‘motaxis or neutral, varies with the eh(‘mieal. The salts of potas- 
sium are amon^^ the more active ])ositive ehemotactie suhstanees, 
followed hy sodium and ruhidium. The alkaliiu' ('arths are less 
effective. The influence of a salt is attrihuted mainly to its electro- 
positive constituent; asparaj>;in and peptcne an' stron^dy chemo- 
taetic, whereas sugar and glycerin are inactive. 

Negative chcmotaxis is noted when capillar\ tuhes arc filled 
with free acids and alkalies or with alcoliol. I n some salts the action 
of the acid radical and that of tlie base neutralize each other 
(ammonium carbonate and monol>asic potassium phos])hate). In 
this case the bacteria are neither attracted nor rc])cllcd hy the suh- 
stance. 



Fio. 17. — Oxygcn-loviiiK hac'lcria a tlircatl of alir;i Jyin^ in llio inirro- 

i^pectrum. The chlorophyll Ki’iinules conlaincd in lh(‘ aU'a ceiis are iio(, shown, but 
the spectrum lines are Kiv<‘n to denote the position of the si^'r lnim. Ma«. 200. (After 
Kngelmann.) 


Engelmann ingeniously made use of this ])heiionienon as ji test 
for oxygen and the effect exerted upon assimilation by the different 
parts of the solar spectrum. If a thread of algte tuid some aerobic 
bacteria are jihucd under an air-tight cover-glass, the hactcihi an' 
active; hut if the jireparation is ke])t in the dtirk tlu* action of the 
bacteria will cea.se, showing that all the oxygi'ii has Ix'cn consumed. 
If brought hack to the light as the alga* assimilat(‘ carbon dioxid 
with the elimination of oxygen the bacteria again hccoiiK' active. 
If exposed to the spectrum the greatest aggregation of bacteria 
occurs at tlie red end of the spectrum, indicating that tlie maximum 
assimilative activity of the algie protoplasm is proceeding at this 
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point. By means of this highly sensitive test as little as one-billionth 
part of a milligram of oxygen may be detected. 

It is quite possible that the phagocytes which play such a part 
in freeing the body of bacteria are directed or guided in their choice 
and perception by chemotaxis to the bodies which they ingest. 
The attraction of leukocytes toward the point of bacterial invasion 
is, in part at least, due to the properties of the l)acterial proteins. 
This attraction is sometimes increased by injecting into the tissues 
at the point of infection some bland substance, such for instance as 
bismuth subnitrate. 

Disinfectants.— Of great interest are those substances which in 
minute quantities destroy the life of the cell. These substances 
when considered in their effects upon man and animals are called 
poisons. But when considered from the standpoint of micro- 
organisms they are called germicides. Analogous with the general 
term germicide, are the terms bactericide and fungicide. A disin- 
fectant is a substance which destroys the causative agent of infec- 
tion. Although disinfection may occasionally mean sterilization, in 
the majority of cases it does not. It implic's the dcstru(;tion of those 
minute forms of life which cause disease. 

Antiseptics prevent decomposition and decay. They do not 
necessarily destroy microorganisms; they prevent their growth and 
activity. One and the same substance may be a disinfectant under 
one condition and an antiseptic under another. Formalin in the 
proportion of 1 to bO.fMJO is an antise])tic, whereas it requires from 
3 to 10 per cent, solution to be a disinfectant in a reasonably short 
time. Mercuric bichlorid in the proportion of 1 to 300,000 will 
sometimes prevent the germination of anthrax spores. Yet it 
requires a 1 to 1000 solution to kill them. 

The term preservative is usually applied to those substances 
which are added to foods, feeding-stulf, and substances of similar 
origin with the intention of preventing decomposition or decay. 
These may be either comparatively poisonous— benzoic acid, boric 
acid, salicylic acid, formalin, or sulphates— or the non-poisonous 
substances— common salt or sugar. The method of action of the 
two is markedly different, the first combining with the protoplasm 
of the cell, the second acting through increased osmotic pressure. 

Deodorants are substances which have the power of destroying 
or masking unpleasant odors arising from putrifying or fermenting 
organic matter. Deodorants destroy odors, disinfectants destroy 
germs. A deodorant may or may not be a disinfectant. Formalin 
is a good disinfectant and deodorant, whereas charcoal is a good 
deodorant but has no value as a disinfectant. 

The classification of disinfectants is difficult, inasmuch as we do 
not understand in many cases their complete mode of action. 
Moreover, almost any compound, if used in sufficient concentration, 
may act as an antiseptic if not as a disinfectant, The methods 
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most often used in classification are according to either composition 
or mode of action. The simplest method is by chemical structures 
and qualities under which arc distinguished the following natural 
groups: acids, alkalies, metallic salts, hydrocarbons, alcohols, 
aldehyds, anesthetics, essential oils, and oxidizing and reducing 
agents. The first three— acids, alkalies, and salts— are distinguished 
from the rest by being electrolytes. The strength of acids and alka- 
lies is dependent upon the hydrogen or hydroxyl ion concentration 
with the metallic salt; the action is dependent upon the nature of 
the metallic ion and the degree of electrolytic dissociation. 

Rosenau classified disinfectants according to mode of action as 
follows: (1) Those compounds which destroy by oxidation, as ozone, 
chlorinated lime, potassium permanganate, and the halogens. 
(2) The destruction by ionic poison with coagulation, as the metallic 
salts, mercury, and lead salts. (3) 1 )cstruction by coagulation and 
poisoning not ionic in character, as carbolic acid and its derivatives. 
(4) Destruction by emulsoid action, that is, through Brownian 
movememt and adsorption; soap solutions and creolin. 

Laws Governimj the Action of />/.v/7j/ec<ar/fe.— ddiesc have been 
mainly worked out by C3iick who found that disinfection is an 
orderly time-process, which may be considered analogous with a 
chemical reaction, viz., a reaction between the bacterium on the 
one hand and the disinfectant on the other. In the ideal case disin- 


fection proceeds in accordance with some rule analogous to the mass 
law, so that if the disinfectant is present in large excess, disinfection 
rate at any moment is proportional to the concentration of bacteria 


= Kn, where n is the concentration of bacteria at the time t, 


and K is a constant, depending on the temperature concentration 
of disinfectant, etc.). 

The velocity of disinfection increases with rise in temperature in 
an orderly manner according to the well-known ccpiation of Arrhe- 
nius. Some idea of the magnitude of the effect of temperature may 
l>e gained from the fact that with metallic salts the mean velocity 
of disinfection increases two- to four-fold for a rise in temperature 
of 10° C., whereas with phenol it was as high as eight-fold, using 
L. paratyphosus as the test organism in each case. Hence, the use 
of a disinfectant at a comparatively high temperature, other things 
being equal, is more effective than its use at a low temperature. In 
reality, a solution which at one temperature is only an antiseptic 
may become a disinfectant by a small increase in temperature. 

The efficiency of a disinfectant varies with the moisture. A dry 
])oison has but slight action on microorganisms. For this reason, 
dry formaldehyde gas is practically without effect. In a similar 
manner absolute alcohol has not nearly the same germicidal power 
its has 50 to 70 per cent, alcohol. This is probably due to the 
absolute alcohol coagulating the outer membrane of the organism 
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and tlnis prevents the poison from dilTusiiig into the vital part, 
'^rhe burning of sulphur in a dry atmosphere has little if any elfeet 
n])on l)a{*teria, but in the presence of moisture there is formed 
sulphurous acid which is a rather efficient disinfectant. 

The germicidal pro])erty of salts of the heavy metals, acids, and 
alkalies is governed in a large measure by the degree of ionization. 
Mercuric ehlorid in water is a good disinfectant, but in alcoliol has 
little or practically no germicidal properties. The addition of sodium 
ehlorid to mercuric ehlorid increases the solubility of the latter and 
y('t decreases its germicidal power. This is due to the fact that there 
is formed a double salt: 


1 W'h - Na.HK('h 

This is poorly dissociated by steps into Na + NallgCb, Na + 

— + + — 

HgCli, llg T 4('I. The number of Ilg ions formed is very small, 
therefore, in the prt'seuce of sodium ehlorid. 

As a general rule the a<lditioii of a common negative ion decreases 
the iiumlH‘r of ions of th(‘ metal going into solution. If inereurie 
ehlorid is .shaken with water, th(‘ salt dissolve's until there is an 
eepiilibrium between the solid phase and the undissoeiated molecules 
in solution. As the molecules' dissociate, the equilibrium is dis- 
turbed and more of the solid di.ssolves to restore it, until a second 
equilibrium is established between the ions and the molecules. 
These equilibria may be expressed by tlie e(piatioii 


IHk"| X [(’IT 

[llgCb] 


a constant; 


since the concentration of the imdis.soeiated molecules is constant. 
So long as there is any undissolved salt, the ecpiation becomes 
Hf/; X (’1 - a con.stant. 

If we add NaC'l, the ('1 will increase the concentration of the Cl 
ions which will combine with the Hg, giving IlgCla, which will 
crystallize out. Moreover, in this case the NaCl combines with the 
IJgC'b giving the NaJIgC’b which greatly decreases the Ilg ions in 
solution. The effect of this on the disinfecting power of different 
dissociated salts of mercury on anthrax spores is indicated in the 
following from Paul and Kronig: 


Salt. 

Concentration. 

Colonics after 20 
minutes’ expo.siirc. 

Colonics after 85 
minutes’ exposure. 

Colonies after 90 
minutes’ exi)osure. 

Hkcu . . 

1/(54 mol. 

7 

0 

0 

IlgBr-i 

1/(54 mol. 

34 

0 

0 

HgCm 

1/1(5 mol. 

0 

:i:i 

i 

KillgCl^ . 

1/lti mol. 


1 


KjHgnr4 

iyi6 mol. 



I 5 

KsHgn . 

1/16 mol. 



389 

K2llgCn4 . 

1/16 mol. 



1 1035 

1 



DISINFECTANTS 


113 


The power of a disinfectant to kill bacteria is dependent in a 
remarkable degree upon the nature of the medium in whi(!h bacteria 
are present when the germicide is applied. Almost invariably the 
greatest germicidal activity is shown when the substance acts upon 
the bacteria freed from all contaminating (uilture media and sus- 
pended in distilled water or salt solution. The ]jrcscnee of proteins, 
peptones, and similar substances usually cause a great reduction in 
the germicidal powers of the substance. This is also the case in the 
presence of pus, many of the organisms being partly digested in 
the body of dead leukocytes. This property is illustrated by the 
following table reported by Dakin and Dunhain. The — sign 
indicates sterilization as indicated by negative subcultures, and the 
+ sign incomplete sterilization. 


SUphy,«,»cnn»a.„. 


I'lKMlol . . . . 

Salicylic acid 
Hydr()K<'n porioxkl . 
lodin . . . . 

Mercuric chlorid 


Silver nitrate 


Sodium liyijocliloritc 


CliloraTiiin T 


1:250- 

1:50- 

1:500 + 

1:100 1- 

1:2,500- 

1:100- 

1:5,000 1- 

1:250 + 

1:3,500- 

1:1,700- 

1:8,000 + 

1:2,000 + 

1:100,000- : 

1:1,000- 

1:1,000,000 + 

1:2,. 500 H 

1:5,000,000- 

1:25,000- 

1:10,000,000 f 

1:50,000 1- 

1:1,000,000- 

1:10,000- 

1:10,000,000 + 

1 :25,000 f 

1: .500,000- 

1:1,500- 

1:1,000,000 1 

1:2,000 1- 

1: .500,000- 

1:2,000- 

1:1,000,000 j- 

1 :3,000 h 


This decreased efficiency in the presence of ti protein is variously 
explained. In the case of such disinfectants as phenol and the dye- 
stull's, it is frequently stated that the disinfectant is “(luenchetr' 
t)r “fixed” l)y tlie protein medium, Adsorption in some cases nitiy 
play a part, but in the case of salts of the heavy metals, they com- 
bine with the protein giving an insoluble non-ionizing proteinate. 
The low germicidal action shown by most antiseptics against pus 
is due in part no doubt to the mechanical difficulties of penetrating 
the mucoid particles in the i>us. 

Young cultures of bacteria are usually more resistant than are 
older cultures. This is especially true when the disiul octant is 
applied to cultures living in the products resulting Iroiii their 
metabolism. Cultures, the organisms of which form spores, become 
more resistant to disinfectants as the spore stage is reached. 

Emulsions as a rule have greater germicidal power than have 
solutions. According to Chick and Martin, emulsions or soapy 
8 
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preparations of tbe coal-tar acids cxhil)it active Brownian motion. 
Often the bacteria are considerably larger than the mean diameter 
of tlie emulsilied particles. These bombard the l)acteria and in this 
way fretpiently bring them into intimate contact with the undiluted 
particles of the disinfectant, which would not occur in solutions. 
Emulsions act upon bacteria first through ])hysiochemical adsorp- 
tion and second through chemical combination. But other particles 
held in susj)ension also po.ssess this power of adsor[)tion, and hence 
the strength of emulsions is rapidl\ reduced. Thus the value of 
phenol is barely impaired by the ])resence of organic matter in solu- 
tion, whereas emulsified disinfectants are reduced to oite-third or 
one-half of their original value. 

Disinfectants of the Chlorin Group.- 4 o this group belong many 
of the more active disinfectants. They are all charactc‘rized by a 
chemical instability in the presence of organic matter. The mem- 
bers of this group contain active chlorin in distinction to inert 
chlorin, such as that in common salt. The phrase "active chlorin" 
does not, however, necessarily imply that free chlorin is contained 
in tlie substance or liberated by it. The active agent may be hypo- 
chlorous acid or .some other compound containing chlorin. 

It used to be assumed that they acted mainly by the lil)eration 
of nascent oxygen, llypochloroiis acid decomposes thus: 

4H('IU = 2H,0 + 2Cl2 + O 2 

The chlorin then reacts with water, liberating more nascent 
oxygen: 

2(;i2 -1 2Il2() - 4HC1 + O 2 


Dakin, however, defines a substance as possessing active chlorin 
when it w ill part with chlorin either free or combined in such a way 
that it can elfect the chlorination of bacteria and other proteins. 

All proteins are made up of amino-acids in which the amino- 
group of the one has reacted with the carboxyl group of the other 
with the elimination of water. This gives imino NH— groups. It 
is assumed by some that the chlorin replaces the hydrogen in this 
group, thus: 


11 


H— (J— NH2 

1 

C = 0 + 2Cl 

I 

NH 


HC— COOII 

I . 

R 


II 

I 

II— C— Nil* 

I 

C = 0 + HCl 

I 

NCI 

I 

H— c— c:ooH 

I 

R 
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Or it may bo that tho extra bonds of the nitrof^oii in 
group is utilized: 


U 

I 

H -NH. 

I 

(1=0 + Cl,. 

I 

Nil 

I 

H C— C()()ll 

I 

II 


K 

I 

11 ('— Nlli 

I 

c ^ o 

I /II 

N; ■( '1 

I H'l 

II- (' coon 

I 

u 


tlie iinino 


aooording to this explanation hypoclilorous acid may react without 
decomposing into chlorin: 


I 


c - o 
I 

Nil 


-f non 


I 

II— c— coon 
I 

R 


n - ( '--Nil, 

I 

C - o 
l/H 
N/-II 
l O Cl 
II— ('-coon 


In any case the chemical and physical properties of the protojilasni 
would be so changed as to be incompatible with the life ])rocesses of 
the microorganisms. 

Compounds containing the group N('l belong to the class of 
ehloramins. d’hcir chlorin is still active and they are tlicmselves 
active germicides. Such compounds hav(‘ been studied thoroughly 
by Dakin who used them extensively in the disinfecting of wounds 
in the great European war of 1914 IS. 

C’hlorinatcd lime, or bleaching ja)wder, may be taken as a type 
of the chlorin disinfectants. Its precise chemical composition is 
not known although calcium oxychlorid (CaOCb) is now generally 
accepted as being the essential agent of dry bleaching powder and 
<“ilcium hypochlorite (Ca( 0 Cl) 2 ) to be the active germicide of the 
solution. Although the reactions which occur are quit(; complicated, 
it is certain that the active substances are nascent oxygen, chlorin, 
and hypochlorous acid, and are probably formed as follows: 

2CaOCU = Ca(()Cl )2 + CaCh 

Ca(0Cl)2 + HiCOj = CaCO, + 2H()C1 

2H0C1 = 2HC1 + 02 

2H0CI - H2() -f C:i2 H- 0 

The substance is extensively used in the disinfection of sewage, 
f>uthouses, cellars, and for miscellaneous purposes. Since 1908 it 
has been used rather extensively in water purification. In practice 
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from 5 to 12 or more pounds of bleaching powder is used to each 
million gallons of water. It cannot be detected by the sense of taste 
provided the amount does not exceed 25 pounds to 1,000,000 gallons. 
Waters containing considerable organic material of any kind give 
rise to amins, chloramins, and other compounds with unpleasant 
flavors. The method, however, is t^heap, reliable, efficient, harmless, 
and easy of applic.ation. 

Formaldehyd is one of the Iw^st volatile antiseptics. If used in 
sufficient concentration and under proper conditions it can be 
depended upon for surface disinfection. Although more penetrating 
than sulphur dioxid, it is not sufficient to depend upon in deep layers 
of cloth and similar bodies. It does not rot nor bleach fabric nor 
tarnish metal as does sulphur dioxid. Moreover, formaldehyd 
unites with nitrogenous substances forming newdiemical compounds 
which are both sterile and odorless. It is, therefore, good both as a 
germicide and as a disinfectant. 

Although there are numerous methods of using, one of the best 
is that recommended by the Pennsylvania Department of Public 
Health: 


Sodium dichromat(! 10 oz. 

Formalin 16 oz. 

{’ommeroial sulphuric acid D oz. 


Th(^ sul])huric arid is added to the formalin and the mixture poured 
over the crystals of sodium dichromatc causing immediate liberation 
of formaldehyd gas. Five hundred c.c. of formalin and 250 gm. of 
sodium dichromate should be used for caeh thousand cubic feet of air. 
The floor should be protected against the heat by placing the bucket 
upon a brick or other suitable device. 

Sulphur Dioxid.— Sulphur dioxid is not very efficient as a germicide ; 
it is, however, an effective insecticide. It is also good to use against 
diseases spread by rats, mice, flies, fleas, mosquitoes, etc. 

Its action as a germicide depends upon the presence of moisture. 
The dry gas is practically inert against bacteria. It cannot be 
depended upon where penetration is required, its action being merely 
upon th e surface. It does not kill spores. Moreover, it is a bleaching 
agent and tarnishes metals. In sterilization by means of splphur, 
time is an important factor. The things to be disinfected should 
be exposed for eight hours to an atmosphere of at least 4 per cent, 
by volumes of* sulphur dioxid gas in the presence of water. This 
reciuires the burning of 4 to 5 pounds of sulphur for every 1000 cubic 
feet of air space. 'About one-fifth of a pound of water should be 
volatilized for every pound of sulphur used. 

One method of using it follows: The required quantity of sulphur 
is placed in a pan which is put into a second larger pan containing 
water. The sulphur is made into little craters and liberally soaked 
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with alcohol. It is well to place the generator on a table or box as 
sulphur dioxid is heavier than air and hence tends to sink and would, 
tfierefore, extinguish the flame if placed on the floor. 

Hydrocyanic acid gas is an extremely powerful insecticide, but 
a poor germicide. It is used rather extensively against mosquitoes, 
lice, bedbugs, and roaches, but on account of its highly poisonous 
nature it must be used with extreme caution. It is eflcctive against 
bacteria no hardier than those of diphtheria and typhoid, but it 
cannot be depended upon as a general disinfectant. 

Mercuric chlorid is one of the best known and most effective of 
the metallic salt disinfectants. A solution of 1 to 1000 is ample 
for the destruction of all non-spore-bearing bacteria, provided it 
comes in direct contact with the organisms for some time. It is 
especially valuable for disinfecting the hands and for washing floors, 
woodw'ork, and furniture. It attacks metals and hence cannot be 
used to disinfect them; it is rendered inactive by protein substances; 
it acts on bacteria by a coagulation of the protoplasm. 

Its germicidal value as usually given is too high. This is due to 
the fact that it may inhibit the growth of bacteria and in the planting 
of the cultures the metallic salt is carried over into the new medium, 
there preventing growth but not necessarily killing the organism. 
The explanation of this is given by Miss (fliick who found that if 
bacteria are subjected to the action of IrlOOO, 1:10, 000, or even 
weaker solutions of mercuric chlorid, there is an interval during 
which some at least of them may be resuscitated by the timely 
administration of an antidote—in this case a sulphid solution. If, 
however, this antidotal treatment is not employed, no amount of 
subsequent dilution beyond the limits of inhibition can prevent the 
death of the organism. 

hefkki:n('I':s. 

Loeb: The Dynamics of Living Matter. ' 

McClendon: Physical Chemistry of Vital Phenomena. 

Dakin and Dunham: Handbook of Antiseptics. 



( HAPTKii xrr. 


INFLUENCE OF ARSKNK’ OX HA(’TKRIAL \CV\y\TY. 

Occurrence of Arsenic. — Kunkcl showed the ])re8eiiee of arsc'nie 
in inaiiy rocks and water, whiki Czapek states that traces ar(‘ nearly 
alway s ])rcsent in soils. Hcrzh'ld and Lange found arsenic in certain 
(Jcrinan raw sugars and traced it to the lime which had been used 
in the manufacture of sugar, lleadden found some virgin prairie 
soils relatively rich in arsenic, an observation in accord with my own 
ex])eriencc. T have found arsenic to the extent of 1 parts per million 
in virgin soil; and, as in the cases referred to by ITeadden, it did not 
result from smelter fumes or any such source, but was derived from 
tlie decay of native rocks. On tin; other hand, TTeadden found 
arsenic in some cultivafed orchard soils to the extent of 138 parts i)ei’ 
million. He claims that in many places arsenic from spray is accu- 
mulating in suflicient (piantitics to become injurious to vegetation. 
FraiK;ois, however, thinks there is little danger of the soil’s becoming 
unfit for vegetation from the proper use of insecticides, (xrunner, 
who found arsenic to the exPmt of from 0.026 per cent, to 1.126 per 
cent, in the Rciclnaistein soil, is not so optimistic. An extensive 
analysis of the spra\cd orchanl soils of western America shovvaxl 
arsenic to be present in all of those soils and varying from mere 
traces to 500 ])ounds an acre. In some cases it occurred to a depth 
of three or four feet. The most interesting fact is that in some ol 
these soils there were as niiu-h as 17 pounds per acre of water-soluble 
arsenic. It is not, however, always the case that the greatest 
(juantity of water-soluble arsenic is found in those soils which con- 
tain the greatest total quantity of arsenic, for often soils are found 
which contain onl.'y' a few i)ounds tn the acre-foot, probably two- 
thirds of which is in a soluble form. So the conclusion has been 
reached that some virgin and many cultivated .soils contain arsenic 
in hirge (piantities, but the proportion in a soil is no index of the 
amount that is soluble in water. The latter is probably governed 
by many factors; for example, kind of soil, water-soluble salts, aiai 
form in which the arsenic was applied to the soil. 

Factors Influencing Solubility. — That the form in which the arseni< 
is applied govern largely its solubility is shown by an experiment ii 
which 100 grams of arsenic in the form of lead arsenate was appliec 
to a soil, and to another portion of the siiine soil was added 10*' 
grams of arsenic in the fomi of Paris green. To still another soi 
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was added enough arsenic in tlu' form of /inc ars('nite to inak(‘ 100 
grams of arsenic. These were cand'nlly mixi'd jind allow(‘(l to stand 
for some time, after vvlucli an examinalion was made for soluble 
arsenic. The analysis revealed the fact that 11 jau' cent, of the lead 
arsenate, 30 i)er cent, of the /inc arsenite, and ovau* SO ])(n* cent, of 
the Paris green were in the water-solubh; form. 

Arsenic being in the soil, some solul)le and some insolnble, very 
naturally suggests the (question as to what elfect it has upon the 
bacteria of the soil. Any factor which inlluences tlie bacterial 
activities must indirectly influence the cro]) yield. 

Extensive studies have been made on the influence of various 
arsenic compounds u])on tlu‘ bacterial flora of tlu' soil with t h(‘ result 
that arsenic was found to be a stimulant in low eoneeiitraf ion and 
toxic only in larger (piantitics. The (*xt(‘nt of stimulation and toxic- 
ity varies greatly with the si)ecific tyja^ of organism and the form 
in which the arsenic is appli(‘d. 

Ammoiiifiers.-"-Kx])eriments on ammonifiers show that this class 
of bacteria are not at first poisoned by the arsenic, but tluur sjieed 
of action is increased. The actual results showed tliat whereas the 
untreated soil produced in unit time 100 ])a,rts of ammonia., soil to 
whicli 00 pounds of arsenic an acrt‘ was a.i)plied ])rodue('d 103 ])arts 
of ammonia in the same length of time. And it wus not until 2000 
pounds of arsenic an acre was a])])lied to the soil that the ])roduetion 
of ammoniji was reduced to one-half. '^PIk* i*aris green, on the other 
hand, retarded the action of this class of bacteria even in the lowest 
eoncentration added, and by the time 000 pounds an acre had been 
applied the ammonia protlueed in unit time had been reduced to 
one-half normal. This i)oisojious action of arsenic on ])acteria is in a 
direct relationship to its solubility. .\n extremely large (piantity 
of lead arsenate would have to be a])])lied to a soil l)efore it would 
interfere with ammonification. 

Nitrification.— The nitrifying flora of a soil are mon' resistant and 
are stimulated to a greater extent by arsenic tluin are the ammoni- 
fiers. Tests made in soil have shown that wliereas untreated soil 
])roduced 100 j)arts of nitrates in unit time, the same soil to which 
had been adtled arsenic in the form of leaxl arsenate at the rate of 
120 pounds an acre produced 17<S parts of nitraO's. In other words, 
in place of being injured by the arsenic, the bacteria were nearly 
twice as active in the presence of this (luantity of arsenic as they 
were in its total absence. It was not until more tlian 700 ])ounds 
of arsenic, in the form of lead arstniate, an acre, had l)een applied 
to tile soil that the bacterial activity fell back to 100. h'ven when 
arsenic in the form of lead arsenate was applied at the rate of 3500 
pounds an acre there was 08 per cent, as much ammonia jiroduced 
as in the untreated soil. The Paris green gave similar results. The 
untreated soil produced 100 parts of nitrates in given time, while 
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similar soil to which arsenic in the form of Paris green was addeO 
produced, under the same condition, 129 parts of nitrates. When, 
however, higher concentrations of arsenic in the form of Paris 
green were added it became toxic, and eventually stopped all 
bacterial activity; but the quantity added had to be so large that 
it is not likely that sufficient would ever occur under agricultural 
practice. 

Arsenic, then, does not injure the ammonifying or nitrifying 
organisms of the soil. But how about the other beneficial bacteria 
of the soil? What effect has it upon them? 

Nitrogen Fixation. — There are 75,000,000 pounds of atmospheric 
nitrogen resting upon every acre of land, but none of the higher 
plants have the power of taking this directly from the air. Certain 
bacteria, however, can live in connection with the legumes and 
assist them to take nitrogen from the air. Then there is another 
set of nitrogen-gathering organisms which live free in the soil, and 
which may, under ideal conditions, gather appreciable quantities 
of nitrogen. It is rather possible that much of the benefit derived 
from the summer fallowing of land is due to the growth of this class 
of organisms in the soil and storage by them of nitrogen for future 
generations of plants. In such soils they are both more active and 
are also found in greater numbers. All the work put on soil to 
render it more porous reacts beneficially upon these organisms. 
They not only require atmospheric nitrogen and oxygen, which are 
absolutely essential to their life activities, but they must obtain 
them from within the soil, for the minute organisms cannot live 
upon the surface of the soil because to them the direct rays of the 
sun means death . I low does arsenic influence this class of organisms 
which are so beneficial to the soil, but which are .so much more 
sensitive to adverse conditions than are the other kinds of bacteria? 
Arsenic in the form of lead arsenate, zinc arsenite, and arsenic 
trisulphid stimulate these bacteria. When arsenic in the form of lead 
arsenate was applied to the soil at the rate of 500 pounds an acre, 
the nitrogen-fixing organism gatliered twice as much nitrogen in 
unit time as it did in the absence of arsenic. The Paris green, 
however, is poisonous to this group of organisms in the minutest 
quantities. This is most likely due to the copper rather than to the 
arsenic in the compound. 

How Does the Arsenic Act?-Tt may, therefore, be concluded that 
arsenic stimulates all the beneficial bacteria. But how does it act? 
Will it stimulate for a short time and then allow the organism 
to drop back to its original or to a lower level as does alcohol and 
various stimulants when given to animals? Will it act as does 
caffeine— continue to stimulate? From the results on men and 
horses the former might be expected, for although the arsenic eaters 
of India and Hungary maintain that the eating of arsenic increases 
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their endurance, and there is considerable evidence to indicate this, 
it is only for a short time. Tf the use l>e disctnitimicd the arsenic 
eaters cannot endure as much physic-al exertion as can others wJio 
are iiQt addicted to tlie drug. Many Kuro])ean horse dealers place 
small quantities of arsenic in the daily corn given to the horse, for 
they find it improves the coat of the horse. If a horse, however, has 
been doped on arsenic for a long time it seems necessary to continue 
the practice; otherwise, the animal rapidly “loses his condition.” 

Similar results might be expected with the liacterla, and e\])eri- 
nients have shown that although during the first few weeks the 
bacterial activity of soils containing small quanliti(‘s of arsenic is 
mucli greater than it is in a similar soil Avithout arscaiic, this activity 
continues to get less and less, until at the end of several weeks it is 
no greater than in soil containing no arsenic. It is interesting to 
note that if proper aeration is maintainetl l);j(;t(‘rial activity never 
becomes lower than in untreated soil. 

Now why tliis stimulating iiifhience of arsenic u])on soil bacteria? A 
similar condition has been found to exist when soils are treated witli 
carbon bisul[)hid, chloroform, or other disinfectants, or even when 
the soil is heated. Many theories have been offered to account for* 
it, but probably the most interesting is the one held by Kussell and 
Hutchinson. They maintain that within the soil an; microscopic 
plants, bacteria, and also microscopic aniimds, protozoa. The 
minute animals are continually feeding upon the minut(' j)lants, 
with the result that the bacterial plants cannot multii)ly as tliey 
could in the absence of the protozoa. Now when a wc'ak solution 
of an antiseptic is applied to the soil it kills many of tlie })rotozoa, 
and the bacteria being no longer preyed upon by their natural foe 
rapidly multiply. As the antiseptic evaporates the few remaining 
protozoa start to multiply and soon are able to keej) in check the 
bacterial flora of the soil. So within the soil one species i)rcys upon 
another. It is possible that microscopic forms of life wage within 
the soil battles as terrific as those waged by the higher forms of life 
upon the earth’s surface. 

It is likely that this is one of the ways in which arsenic stimulates 
the bacterial activities of the soil. It acts more naidily upon the 
protozoa than upon the bacteria. After the arstaiic has been in the 
soil for some time it may become insoluble or some of it may be 
changed by molds into a gas arsine and pass into the air. Then the 
few protozoa which have not been destroyed by its prc'sence rapidly 
multiply and soon hold the bacteria in check. 

This, however, is not the only way in which arsenic acts, for pure 
cultures of the Azotobaeter have been obtained from these soils, and 
it is found that these are so stimulated that they bring about greater 
changes in the presence of arsenic than they do in its absence. This 
is due to the action of the arsenic upon these minute specks of living 
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])r()toj)ljisni, caiisiii^ tlioiii to utilize food more t'^coiioinically 

in the ])res(Mic(‘ of arstaiir than in its ahsenee. This is similar to tlie 
influence of tlie arsenic npon the cells within the liorsi*. 

Other e.\i)erimen1s ha ve demonstrated that the addition of arsenic 
to a soil increases the liberation of the insolu})le ])lant-foods of the 
soil, especially of the phosphorus. Thus arseni(‘ by various means 
stimnlat(\s all the bacterial activities of the soil, and these increased 
activities, as experiments have shown, are reflected in greater crops. 
This increased growth must be looked ui)on as due to a stimulus 
and not to the direct nutritive valin* of the substance added. Soils 
so treated would produce larger crops and wear out more ciuickly 
than would untreated soils. It is intta-csting and inij)ortant to know 
that arsenic has to be ai)plied to a soil in enormous (luantities before 
it retards mierosco])i(* ])lant life, and probably Ix'fore it retards the' 
growth of higher ])lants. 

The data available ])rove conclusively that the arsenical coin- 
])ounds, with the single exce])tion of Paris green, stimulate the 
nitrogen-fixing organisms of the soil and that this intlueiK'e varies 
(lualitatively but not ({uantitatively with the various soils. The 
results also bring out the fact that both the anion and the cation of 
the comj)ounds liavc a, marked influenc(^ upon the growth of the 
organisms. With some compounds both the anion and cation act 
as stimulants, but vnth other com])onnds one stimulat('s and the 
other retards. Jt is likely that little or no influence is exerted upon 
the nitrogen-gathering organisms by the sodium of sodium arsenate 
and that the stimulating influence noted witli dilute solutions and 
the toxic influence exerted with more concentrated solutions are due 
cntirt'ly to the arsenic. It is rather likely that the stimulating 
influence which Kivi ere and Bouilhac have found sodium arsenate 
to have upon wheat and oats is an iiidin'ct elVect which is exert(‘d 
upon tiie bacterial flora of the soil and which in turn influences the 
yield of the various grains. 

Both the anion and cation undoubtedly act as stimulants in the 
lead arsenate. Stoklasa has shown that lead when j^resent in soil 
stimulates the growth of liigher plants. This he ascribes to the 
catalytic action of these elements on the chloroj^hyll. The results 
reported indicate that it is due to the influence of the compounds 
u]X)n the biological transformation of the nitrogen in the soil. The 
fact that the lead plays no small part in tlie stimulating influence 
is borne out by the work of Lipman and Burgess who found lead to 
stimulate nitrifying organisms. 

Paris green is toxio to the nitrogen-flxing organism in the lowest 
concentration tested. This is due to the copper and not to the 
arsenic, as it is well known that the copper ion is a strong poison 
to many of the lower plants. Brenchley found it to be toxic to 
higher plants when present in water to the extent of one part in 
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4, 000, 000,000. Although Russell states tliat it is not as toxie in 
soil as ill water, Darbishire and Russell fouial i( to he toxie in soils, 
and they failed to get a stimulating inllueiiee witli it. Monte- 
matiiii has noted a stimulation with eopjau' sul|)hat(‘ when used in 
dilute solutions. This, however, may have Ikmmi due to the anion 
and not to the cation, as suli>hates do stimulate ])lants by their action 
on insoluble constituents of the soil. The same inter])retation could 
be placed u})on tlu' ri'sults obtained by Lijmian and Wilson and also 
those reported by Voelcker in which they noti'd a stimulation with 
copper .salts, (dark and ( lage have found that vi'ry dilute .solutions 
of copper have an invigorating influence upon hactta-ial activity. In 
order that the stimulation may b(‘ not(‘d the co])])('r must b(‘ ])resent 
in small (piantities. .Tackson found that I paid of co])per sulphate 
in .50,000 parts of water kill Jiacillu,s- roll and HavUUi.s ti/phosu.s'. 
Kcllennanii and Reckwith found that the common saproidiytic 
bacteria arc more resistant to co])])er than is JC coli. There is con- 
siderable evidence that cop])(‘r stimulatt's th(‘ ammonifying and 
nitrifying organisms of the soil, but the.se results show the nitrog(‘n- 
fixing organisms of the soil to be very sensitive to eopix'r, and it it 
is to act as a stimulant it must b(‘ in extremely dilute solutions. The 
toxicity of the copper in the Paris gn^en is gn’at ('iiough in the 
dilution of 10 ])arts in 1,000,000 to olVset th(‘ great stimulating 
intfueiic(‘ of the arsenic in eombination with it. 

The marked .stimulating inlluenc(‘ noted when* the arsenic trisul- 
])hid is used is very probably due to the .stimulating action ol both 
the ar.senic and sulphur. Demolon attril)ut('d much ot the fertilizing 
action of .sulphur to its action uj)on bacteria, and \ ogel found that 
sulj)hur decidedly iiuTeased the activity of the nitrogen-fixing organ- 
isms. The results which Rus.sell and Hutchinson ol)tained with 
calcium sulphid are interesting in this connection. They found that 
after thirty days there were five times as many organisms in a soil 
to which calcium sultdiid had been added as in an untreated soil, and 
the yield of ammonia and nitrates in th(‘ same length of time was 
one-third greater in the treated soil than in the unt reated .soil. 1 his 
in turn reacts upon the ero]) harvested, as shown l)y Shedd. 

The fir.st pail of the curv'c for zinc arsiaiite nvarly coincides with 
that of sodium ar.senate, save that zinc arsenite stinmlat(‘s in greater 
concentrations than does sodium arsraiate. This is i)artly due to 
the difference in solubility of the two com])ounds, but there is 
another factor— that the zinc ahso acts as a stimulant. Latham 
found that small quantities of zinc stimulated alga-. Idie same 
results have been obtained by Silberberg in working with higher 
plants. Khrenberg concludes that zinc salts are always toxic when 
the action is simply on the ])lant, but that they may Icjid to incnais^-d 
growth through some indirect action on the soil. He found that zinc 
stimulated plant growth in soils, but when the soil was .sterilized the 
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zinc became toxic. Lipman and Burgess have shown that it stimu- 
lates the nitrifying organisms and that the influence is shown in the 
croj) yield. Tlie great variation in the rt*sults reported by the dilfer- 
ent investigators for zinc, arsenic, and lead is probably due to the 
fact that it modifies the bacterial flora of the soil. When heated 
soil or water cultures are u.sed a different result is noted. This, 
liowever, is not the only factor, for these results show a marked 
difference in soil and in water culture. The lead arsenate stimulates 
the nitrogen-fixing organisms when placed in soils but becomes 
highly toxic to the same organisms when placed in nutritive solutions. 

The difference is due in part to adsor])tion by the soil, but this 
would have to l)e attributed to the silica compounds of the soil, for 
the nitrogen-fixing organisms are stimulated by arsenic in quartz 
sand free from organic colloids. In this case the arsenic becomes 



Fig. 18. Graph showinf; the effect of aeration on the nitrogen-fixing activity of soil- 

containing compounds of arsenic, (Soil Science.) 


concentrated at the surface, layers of the silica leaving the inner 
part of the water film comparatively free from arsenic, in which 
the microorganisms multiply and carry on their metal)olic processes. 
This being the case, it is probable that a water solution weak enough 
to stimulate bacteria could be found. A great difference, however, 
between the solution and the sand-culture method is the greater 
aeration in the latter than in the former. That the aeration of a 
cultural medium does play a great part in determining the activity 
of the nitrogen-fixing powers of a soil is strikingly brought out in 
Fig. 18. , 

It is remarkable how the aeration of the soil or the filtering of the 
soil extract can prevent the high loss of nitrogen wliich is noted at 
first in the unaerated soil. This cannot be attributed directly to the 
denitrifying organisms; otherwise, it would not be removed by filtra- 
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tion. The graplis also bring out the fact that adding arsenic and 
filtering the soil only shift for the time the efinilibrinm within the 
soil, which later tends to regain its old eqnilihrinm. This is a condi- 
tion that coincides well with what would be exi)ect(‘d if the limiting 
element were some other microscopic forms of life. Tlie filter 
would not .separate them cpiantitatively, and it is jmssible that the 
arsenic has only a selective influence. Later, many of the organ- 
isms become accustomed to its presence; or, what is more likely, the 
arsenic becomes fixed within the soil. 

That this limiting factor is a thermolabile body is brought out 
more clearly by Fig. Ih. The (juantity of nitrogen fixed by the 
unheated soil receiving no arsenic has beiai taken as 100, the heated 
soil with and without arsenic; lieing com])ar(;d with this. 



Fio. 19. — rJr.'iph sliowing the effect of the heat on the nilroj^eii-fixiim ijowcr of soil 
treated and not treated with ansenie. 


The heating of the soil extract to 50° C. for hfteeii minutes lias 
exactly the same influence measured in terms of nitrogen fixed as 
does 0.0728 gm. of lead arsenate. The stimulating influence of heat 
is noted even in the prestuice of arsenic and reaches its maximum 
effect in the absence of arsenic at 60°, and in the jiresence of arsenic 
at 65° C. Above the.se temperatures there is a decline in the nitrogen 
fixed. Even soils inoculated with solutions which had been heated 
to a temperature of 85° fixed nitrogen; at least there is more nitrogen 
accumulated in such soil than in that inoculated with the untreated 
soil solution. The results indicate that many of the organisms which 
take part in the gathering of nitrogen in .soils are very resistant to 
heat. It is also significant that the greatest stimulating influence 
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is exerted in soil wliich had been inoculated with solutions heated 
just above that point which Cunningham and Lohnis found to be 
the thermal death j3oint of soil protozoa. 
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EFFE(;r OF HEAT AND VOLATILE ANTISE1H1(’S ON 
SOIL EACTEUIA. 

Soils are often heated, steame<l, or tr(‘jit(Ml witli volatile or non- 
volatile antiseptics both for experimental and ])ractical purposes. 
Tlie process is not sufficient to destroy all forms of life within th(' soil. 
It only destroys some of the w(‘aker sjx'eic's and the aim is nsnally to 
destroy an injnrions species. Yet th(‘ |)roc(‘ss is ofti'ii referred to 
as sterilization. In view of the fa(‘t that tlnw fail to remler the soil 
sterile, some workers prefer the terms ])artial sterilization or pas- 
teprization, vvliieh more aeenrately describe tin* ])roc('ss. 

Althongli it was well known that the kiln-burning of clay pro<hic(‘d 
a far-reaching chemical and physical effect, y(‘t soil inv'(;stigators 
considered that the process of st(‘rilization ])rodnced no change 
either in the mechanical nature or chemical composition of a soil 
until the work of Frank appeared in ISSS. lb' found that heated 
soils contained a great deal more soluble matter than nnheated soil, 
peaLv soils containing more than twice? as much and Invited sandy 
soils not cpiite twice? as much. This ine*rcased soluble matter he 
ce)nsidere?el sufficient to ae-count fe)r the ineTevise' in e?ro|)s which was 
often found to follow the hexating of a soil. 

A great impetus was given tei the weirk in ISD t by Olierlin in 
(lermaiiy and (lirard in Frane*e who femnel that the applievition e)f 
evirbon bisulphid ine*reased the e-reip-preidueing fiower e)f the seiil. 
Oberlin founel that Aineyards treateel with carbon bisulphid to kill 
phylloxera showed greatly increaseel producti\aty after the treat- 
ment, anel he founded on this his system of grape culture, where 
fallowing and rotation could be dispen.sed with in the resetting of 
vineyards. Girard noticed that soil treated with carbon bisul])hid 
for the purj)ose of combating a parasitic disea.se of sugar-beet was 
more productive than it was before such treatment. The l^encfieiiil 
influence of the treatment extended even into the secorul year. 
These facts stimulated investigation and created much di.scu.ssion, 
particularly as to the manner of its action. No working hyj^otliesis 
was, however, formulated until 1899 when Koch announced Ids 
direct “stimulation theory,” since which time numerous theories 
have been formulated to account for the noted phenomena. 

Influence on Plant.— The use of carbon bisul|)hid at the rate of 2904 
pounds an acre resulted in a gain of 15 to 40 per cent, in the yield 
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of wheat grain and of 21 to 80 per cent, in wheat straw. The yield 
of potatoes was similarly increased by 5 to 38 per cent, and that of 
beets from 18 to 29 per cent. Although the yields of the legumes 
were not always increased, yet some fields of clover treated with 
carbon bisulphid gave increases of 119 per cent. 

Wolln^ clearly showed that the applieation of carbon bisulphid to 
a soil within the growing season may lead, according to the amount 
introduced, to a com])lete destruction of the growing crop, or to 
a temporary retardation merely, involving a greater or slighter 
depression in the ])r()duction of ])lant substaiuH". Its application 
several months l)efor(‘ planting increases the fertility of the soil 
to a consideralde ('xtent. This influence is felt, according to the 
amount of carbon bisnlphi<l used, through one or several growing 
seasons, afpa- whic'h if no manure or fei*tiliz(‘r has been applied ^a 
marked deert'ase in the yields becomes evident. 

There was the dark green color and the vigorous development of 
the jdants together \\ath the decided tendency of. grain crops to 
lodge just as if too great (piantitics of nitrogen were at their disposal. 
These facts led lleinze to conclude that on the wliole we must seek 
the cause of the beneficial effect of carbon bisulphid on the soil in 
the enonnous increase of soil organisms at the ])ro])er time, thus 
rendering available, or ])ossibly increasing, the nitrogen supply to 
growing plant. 

The large amounts of nitrogen thus made available to the crops 
are derived partly from the soil and partly from the atmosphere. 
Kruger and lleinze not only demonstrated that soils treated with 
carbon bisulphid showed an increase in their total nitrogen content, 
but also that the increase was the result of the more vigorous growth 
of the nitrogen-fixing Azotobacter species. This, lleinze considers, 
resulted from the initial suppression of amiff-ammonia formation 
and nitrification which would create favorable conditions for the 
development of nitrogen-fixing flora. I^ater there would be more 
intense transformation of the bacterial proteins and of other nitrog- 
enous organic substances into amino- and ammonia compounfls 
which would result in a more vigorous nitrification, thus placing 
at the disposal of the ]j)ant an abundant and uniform supply of 
soluble nitrogen compounds. The various organic materials in the 
soil— such as plant residues, pectins, pentosans, humic substances, 
and the like, together with the rapid gro\vth of algie and molds— 
may furnish the carbon food for the Azotobacter species. 

Effect on Properties of Soil.--Egorow, who investigated the effects of 
carbon bisulphid upon the physical properties of the soil, found that 
(1) the capillary rise of water in the soil treated with carbon bisul- 
phid to be slower than in the untreated ; (2) the moisture content 
is reduced considerably, especially in peaty soils; and (3) the water- 
holding capacity of the soil is decreased. Thus, he concludes that 
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tlie treatment of soils with carbon bisnlphid acts unfavorably upon 
the water content of the soil. 

Other characteristic effects of treatment with volatile antiseptics 
reported by various investigators are: 

1. An initial decrease in the number of bacteria followed by a 
long-continued increase. A careful piece of experimentation illus- 
trating this is that of Fred who used loam soil (mixed with sand) 
and found that 2 per cent, carbon bisnlphid has little effect upon 
the moisture content of the soil. With varying percentages of ether 
(together with 2 per cent, of sugar) in the soil, he finds an initial 
depression in bacterial numbers followed by a considerable increase 
in eight hours, 4 per cent, giving the maximum count. 

2. A disturbance of the equilibrium of the bacteria, l)y which 
certain types multiply more rapidly than others, lliltner and 
Stormer found that’ under nomial conditions there is a certain 
equilibrium established among the various groups of soil bacteria, 
and that the organisms capable of growing on meat extract gelatin 
are jjomposed of Streptothrir species 20 per eent., gelatin-rKpiefying 
species 75 per cent., and the noii-li(iuefying species 5 per cent. 

When carbon bisnlphid is applied to a soil, its bacterial inhabitants 
are injured, though not completely destroyed, the injury varying 
witli the changing conditions of temperature, moisture, and amount 
of carbon bisnlphid applied, as well as with the duration of its action. 
Not all of the bacterial species are depressed in their develo])ment 
to an equal extent, the injury being most pronounced in the strepto- 
thrix species and least pronounced in the gelatin-liquefying species. 
The depressing action of carbon bisnlphid di.sappears after a shf)rter 
or Ipnger interval and is followed by a rapid multii)lication of the 
microorganisms in the soil. The equilibrium having been destroyed, 
howler, the new (levelopment follows along dilferent channels, 
and there occurs not only an enormous increase in the total number 
of soil bacteria, but also an abnormal predominance of certain 
species. The new conditions thus established for a time favor a 
more ready utilization of the stores of soil nitrogen, and likewise the 
fixation of atmospheric nitrogen by certain bacterial species. These 
conclusions are borne out by the work of Lipman and Brown who 
examined abnormal soil after applying carbon bisnlphid in various 
quantities alone, and in combination with muriate of potash and 
acid phosphate. They then determined the ammonifying, nitrifying, 
denitrifying, and nitrogen-fixing powers of the soil. They concluded 
that in normal soil flora the different groups occur in fairly definite 
relations which are evidently disturbed by the addition of carbon 
bisnlphid, which, destroying the bacterial equilibrium prepares the 
"^ay for an entirely new bacterial development whereby certain 
^^pecies become far more prominent tlian previously. This applies 
especially to the nitrifying and nitrogen-fixing bacteria. 



130 


EFFECT OF HEAT ON SOIL BACTERIA 


3. A slight initial increase in ammonia content, followed by a 
considerable increase in the production of ammonia. This, altliough 
noted by the majority of workers, is especially brought out by the 
work of Russell and Hutchinson, as is illustrated by the following 
results from their work: 
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4. A depression of the i)rocesses by which ammonia is converted 
into nitric acid, and a very slow recovery of the activity of the bac- 
teria coneernt'd, as a result of wliich ammonia accumulates in tlu' 
soil. Warington, in his'carly investigation on the l)io]ogical nature 
of nitrification, observed that when air containing carbon bisulphid 
was passed through the soil the ])rocess was inliibited, whereas ( \ 
de Briailles noted that during the winter the carbon bisulphid seemed 
to exert a harmful influence on the accumulation of nitrates. IIow- 
(;ver, with the first o]>en weather in spring the reverse seemed to be 
true— the carbon bisulphid caused a marked increase in nitrates over 
the untreated. 

5. An increase in the ratt^ at which oxidation takes place in the 
soil. In a study of oxidation in soils and its relationship to produc- 
tiveness, Darbishire and Russell found that the absorption of 
oxygen by soil is mainly brought about by the action of micro- 
organisms and is greatly diminished if the soil has been previously 
heated to 120° (\ Wien lieated to 95° C., it was found that the 
rate of oxi<lation on a sand, two loams, and a chalky soil, instead of 
being reduced was considerably increased, as was the case after 
treatment with and removal of volatile antisejitics, such as toluene, 
chloroform, carbon bisulphid, and other volatile antiseptics. 

The rates of oxidation of heated soils were as follows: 



Milligrams of oxygen 

absorbed in 


3 days. 

6 days. 

9 days. 

Hop garden soil, \inheatetl ... 

. . 3.7 

5.2 

7.0 

Hop garden soil, heated to 95® (\ . 

. . 6 . 0 

8.2 

12.0 

Garden soil, nnheated .... 

. . 7 . 5 

10.2 

15.5 

Garden soil, heated to 95® G. 

. . 16.9 

27.2 

33.2 



EFFECT OF PROPERTIES OF SOIL 


LSI 


(3. It has been repecatedly denionstratecl by many workers that 
both heat and antiseptics destroy all or ])art of tin' proto/oa. found 
in the soil, dei)cndinj): on the dej^ree of heat a])])lied or the stren^^h 
of antiseptic used. 

7. Some workers have found antise])tics and heat to d(‘press 
denitrification in soil. Both Warner and Mor^^an found that carbon 
bisulphid kills denitrifying organisms. 

<S. Especially significant is the hict that tlua-e is a, considerable 
increase in the soluble matter in the laaited soil, not only of inorganic 
matter, as phosphorus and potash, but even mor(‘ in the organic 
matter made soluble. Stoklasa holds that the jilants an; able to get 
more i)hosphate-ions from a soil as a result of the disintegration of 
the bacteria killed by the treatment with carbon l)isnl]ihid. 

Fred found that the ajiplication of carbon l)isnl])hi<l to a soil 
increases the insoluble compounds of nitrogen and sul])hnr as wi'll as 
tli(‘ bacterial activities. Lyon and Bizzell <h‘t(‘rmin(Ml tlie effect of 
sterilizing soils by steam on the water-soluble material and found 
that steaming the soil at two at,mosph(‘res rednc(‘<l tlu' nitrates to 
nitrites and ammonia, l)ut that most of the ammonia is formed from 
organic nitrogen in the soil. 

f). Although the majority of workers n^jiort an incri'ase in nit rogm 
fixed in a soil treated with carbon bisulphid, yet Koch rejiorts cases 
in which carbon l)isul|diid added to ;i soil ’containing fairly large 
quantities of cane sugar has resulted in a weakening rather than in 
a strengthening of their nitrogen-fixing powers. The increase in 
nitrogen fixation may at tiiru's be very j)ronounced, as may be 
seen from the following exj)criments in which tumblers containing 
•soil were all carefully sterilized and half of them i)laccd in the 
incubator in the sterile condition. '^I'o the others was added a soil 
extract prej^ared by shaking one part of soil with two parts of sterile 
<listilled water for three minutes. After standing for about five 
niinutes the liquid Was decanted and 10 c.c. portions w(‘r(‘ used to 
inoculate the soil. Before inoculating, this extract was jilaced in 
tliin- walled test-tubes in 10 c.c. portions and then k(‘f)t jit the 
'‘■(juired temperature for exactly fifteen minutes before adding to 
die soil. The moisture content was made np to IS ])er cent, and 
^h(! whole incubated for twenty days. The milligrams of nitrogen 
*'>;nd under the varying treatments were as follows: 
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10. Altlioiigh strongly contested by many experimenters, there 
arc some workers who have produced strong evidence that the heat- 
ing of a soil dCvStroys toxins which have been formed in it due either 
to bacterial activity or to jdant growth. Fletcher grew plants in 
a nutrient solution until he considered it to be made toxic by plant 
excreta. He then steamed it at a pressure of 150 pounds for two 
hours. Flakes of an organic substance were thrown down, wliieh 
did not dissolve on removal of pressure. This substance he con- 
sidered to be the toxic excreta. 

The principal changes produced in and by sterilizing soil are thus 
summarized by Johnson: 

I. Dc.struction of Life: 

(a) Normal soil flora and fauna, desirable and undesir- 
able fonns of bacteria, fungi, protozoa, and higher 
animals. 

{h) Plant parasites, especially pathogenic bacteria, fungi, 
nematodes, and injurious soil-infection insects. 

(c) Propagative organs of higher plants, especially weed 
seeds. 

IT. Immediate Chemical Action (formation of toxic and bene- 
ficial compounds) : » 

(a) Decomposition of organic material resulting in the 

fonnation of ammonia, carbon dioxid, and various 
new and complex organic compounds. 

(b) Decomposition of inorganic material, reduction of 

nitrates and nitrites to ammonia and increased solu- 
bility of x>otassium, phosphorus, and other salts. 

III. Biochemical Action: 

(a) Increased ammonification, particufarly, and modified 
nitrification, denitrification, and nitrogen-fixation. 

IV. Physical Action : 

(а) Absorption capacity of soil modified for water, gases 

and salts. 

(б) Increased concentration of soil solution. 

(c) Modified capillarity, colloidal state, and mechanical 

condition . 

(d) Modified color and odor. 

V. Action on Organisms Growing in Sterilized Soils: 

(a) Lower organisms. 

1. Increased development due to reduced competi 

tion, increased food supply, destruction C' 
“ bacterio-toxins,” “stimulation,” by product 
added or formed, or other causes. 

2. Retardation in growth in rare cases due to inje 

rious conditions produced. 
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(b) Green plants. 

1. Injurious action as iTKiicatc<l by retarded rate 

and percentage of seed gennination and by 
retarded rate of plant gro\vi:li. 

2. Beneficial action as sliown by increased rate and 

percentage of seed germination and increased 
rate aii<l amount of plant growth. 

3. Modified in fonn, color, and other “(pialitative” 

changes. 

Hypotheses to Account for Observed Phenomena.— A number of 
liypotheses have been fonmilated to account for the increased plant 
growth and for the many cluinges i)roduced in soils by treatment 
with heat and volatile antiseptics. A number of these theories 
are considered, but it must be borne in mind that there is a wide 
disagreement among workers as to the real cause. No single 
hypothesis yet formulated can be said to fully account for all of the 
ol)served phenomena. 

Koch's “Direct Stimulation” Theory.— The first theory offered to 
account for the increased yield obtained from soils treated with an 
antiseptic was the “direct stimulation” theory advanced by Koeh 
in 1899. He considered carbon bisulphid to have a direct stimulat- 
ing effect on the plants themselves, lie later found ether to have 
a similar effect. In experiments dealing with the addition of ether 
to the soil Koch found that the increased yield was i)ronounced on 
the first crop, whereas the residual effect was slight, as with carbon 
bisulphid the beneficial effect increases with the amount of api)lica- 
tion. He further found that soils sterilized with heat produced 
better crops when treated with carbon bisulphid than when not so 
treated and concludes that the effect of the antiseptic, therefore, 
cannot be due to its effect on bacteria. 

The theory of Koch has been supported by Fred who fertilized 
soil with an abundant supply of sodium nitrate and found that in 
every case in which carbon bisulphid was added the growth and 
yield of crop were much superior to those in the corresponding pots 
not treated with that substance. He concludes that as there was no 
lack of plant-food and other conditions were favorable to plant 
growth, the effect of the antiseptic must have been directly upon the 
plant. There is ample evidence to prove that many of these anti- 
septics in dilute solutions stimulate the plants directly, yet there 
is no evidence which will substantiate the claim that this is the only 
or even the principal influence on the plant and soil. 

Hiltner and Stormer’s “indirect” theory of antiseptic action is 
outlined by them as follows: 

“1. By destroying the existing bacterial equilibrium in the soil, 
the carbon bisulphid opens the way for an entirely new bacterial 
development. This is achieved through the unequal retardation 





EFFECT OF HEAT ON SOIL HACTERIA 


in tlie growth of tlie (lilfereiit groups of Inictcria. Ilonco, oertuiii 
groups become <hsp?-o[)ort.ionately prominent, while others iiw 
almost entirely su])])resse<l. 

“2. The rapid increase in the numbers of the bacteria is follow(Ml 
by a more intense transformation of plant-food substances. Decom- 
position and fixation j^rocesses result in an accumulation of readily 
available nitrogen comimunds utilized by the crops. TTence, the 
action of carbon bisnlphid is in the nature of nitrogen action. 

“3. The initial supjiression of the nitrifying species becomes of 
advantage in that the nitrogen com])ounds, simplified by otlier 
species, are jirevented from being rapidly changed into nitrates 
and being leached out of tht^ soil. 

“4. 4410 more or less ])ermanent suppression of the denitrifying 
organisms must l)e regarded as an additional factor favoring plant 
growth. 

“44ie introduction of the poison into the soil at first deennates 
its bacterial flora, but with the disappearance of the injurious 
carbon-bisiil]>hid vajiors it also encourages a vigorous and long- 
contimied increase of tlie organisms, resulting in an increase of the 
store of more readily available nitrogen. It is still to be deter- 
mined whether this increase is largely due to the fixation of atmos- 
pheric nitrogen or to the unlocking of the vast store of combined 
nitrogen in the soil. It is most ])robable, however, that even though 
one of these processes predominates the other is surely more exten- 
sive than it would be in normal soil. 44ie nitrogen thus secured is 
not at once made accessilile to the higher jilants, but is at first laid 
fast in the bacterial bodies. 44ns assumption would best exiilain 
the fact that plants growing upon a soil treated with carbon bisnlphid 
show retarded growth, even some time after the application of the 
latter, and the explanation hitherto accepted that the injury results 
from the dire(4 action of the iioison seems hardly reasonable after 
our discovery that the most intense bacterial activities are asserting 
themselves just at that time. The nitrogen fixed in the bacterial 
bodies is gradually rendered soluble by decomposition processes, 
and- thereby made accessible to nitrification and the higher plants. 
Hence, when the carbon bisnlphid is applied in the fall, there is 
enough time left until the planting of the following spring crop for 
the mineralization of the bacterial nitrogen. It is quite e\’ident, of 
course, that the nitrogen combined in the bodies of generations of 
bacteria is not all made soluble within a single year, but only in the 
course of several growing seasons, so that we may readily account 
for the increased harvests secured for two or more successive years 
after strong applications of carbon bisulphid, even though the bac- 
terial transformations had by that time declined. The exhaustion 
of the soil finally manifesting itself after a shorter or longer time 
may be explained by the deep-seated changes in the bacterial soil 
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flora, which does not return so easily to its normal state. Ft is quite 
possible that tlie return to tlie normal conditions is prevented by 
the exhaustion for years to come of the more available portions of the 
plant nutrients.” 

Evidence eorrol)()rating this theory has been brought forward by 
lleinzc, Stoklasa, Lipraan, and Brown, whereas Sirker furnishes 
evidence in the cultivation of the mulberry which op|)oses it. He 
found that the addition of carbon bisul])hid to a eoni]:)h‘tely fertilized 
mulberry plant iiuTcases the vegetation 44 per cent., whereas a 
heavy application of sodium nitrate was of slight value. 

Russell and Hutchinson’s Protozoan Theory. They consider that 
the microsc6i)ic flora of the ordinary arable .soil ijichides a wide 
variety of organisms performing very diiVerent functions which 
may be divided rougldy into two (‘las.ses: {a) .sai)ro])hytcs, tending 
to increase the fertility of the soil, for examj)le, ])roducing ammonia, 
fixing nitrogen, and similar changes; and ih) phagocytes and large 
organistns inimical to bacteria which limit fertility. Between these 
two (ila.s.ses of organisms there is an e(}uili])rium uiuh'r natural 
conditions, but when ])artial sterilization takes ])]ace the phago- 
cytes are killed but the bacterial .spores are not; and subset} uently 
the latter develop with great ra])idity, .since; they art; freed from the 
attacks of their enemies, and there is an increa.se not only in 
ammonia but likewise in crop ])roduction. 

In sup])ort of this theory they point out the following: ‘‘In 
untreated soil there is no accumulation of ammonia, whereas the 
‘toluene evaporated’ soil, as well as the soil heated to (\, show 
an increased production of ammonia. That this is mainly tlie work 
of microorganisms is proved by the following considerations: (a) 
The curves belong to the type as.sociated with bacteriid, rather than 
with purely chemical activities, (/j) Soil which lias been heated to 
125° C. (at which temperature all organisms arc killed) behaves 
altogether differently; after the first j^roduction of ammonia due 
to heating there is no further change, (c) If the toluene is left in 
the soil there is only a slow production of ammonia, and never a 
rapid rate; the curve is more nearly linear. The action of micro- 
organi.sms is here excluded, but enzymes may .still act. (d) The 
rapid period sets in only wlien the soil is sufliciently moist. Thus 
the two significant changes induced by partial sterilization arc, 
(1) an increase in the amount of ammonia; and (2) cessation of the 
nitrifying process. 

“It now becomes necessary to determine the part played by 
bacteria, and why they can increase so much more rapidly in the 
partially sterilized soil (which accounts for the increa.st;d ammonia 
production) than in the untreated soils. That tlie comparative 
inertness of the bacteria in the untreated soil cannot be caused by 
any bacterial factor is evidenced by the following considerations: 
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(а) |If a filtered’ soil extract containing bacteria from an untreated 
soil is added to a toluened soil, there is an increase in the rate of 
ammonia ])roduction, and also in the number of bacteria. (//) 
However, if untreated soil is added to toluened soil, there is no 
increase, but on the contrary a reduction.- (c) As pointed out above, 
an extract of the toluened soil is more active than an extract of 
untreated soil, {d) But when the extract of toluened soil is added 
to the untreated soil there is no increase in ammonia production. 

“The conclusion drawn is that ^the untreated soil contains a 
factor, not bacterial, limiting the development of bacteria, this 
factor being put out of action by toluening or heating.’ 

“Having determined the presence of a limiting factor in untreated 
soils an examination of its nature reveals that: (a) it is not a toxin, 
for if it were it would be sure to affect the nitrifying bacteria most; 

(б) barley seedlings grown in aqueous extracts of untreated and 
toluened soils showed no difference in growth over a x:>eriod of four 
weeks; (e) the limiting factor is probably biological, for when 
untreated soil is added to toluened soil the reduction in tlie rate of 
ammonia is not at once operative. It is also a large organism, since 
it is only in the soil and not the filtered extract of the untreated soil 
that is effective in reducing the rate of ammonia production in 
toluened soil. An exatnination of treated anfl untreated soil was 
made, and the latter revealed the presence of large organisms, 
protozoa, etc., which constitute the factor, or one of the factors, 
limiting the bacterial activity, and therefore the fertility of untreated 
soil. Direct evidence is furnished by inoculating toluened soil or 
soil extract with cultures of large organisms and studying the 
effect produced— which is a consequent depression in the rate of 
ammonia fomiation.” 

Althougli accepted by many workers, there are many of what 
appear to be fatal objections that have been brought against this 
theory: (1) It has been demonstrated that the soil contains many 
species of fungi which are capable of producing considerable quan- 
tities of ammonia and tliese would withstand the actions of the anti- 
septic or partial sterilization by heat and may develop later and 
produce large quantities of ammonia. (2) There may be a great 
difference in the physiological efficiencies of the surviving ammoni- 
fiers. (3) The work of Russell and Hutchinson does not consider 
the probability of the protozoa being in soil as cysts. (4) The 
direct laboratory work of Fred and Gainey cannot be interpreted in 
the light of this theory. Kopeloff and Coleman analyze the work 
of Fred in the light of the protozoan theory as follows; 

“In order to test the validity of Russell and Hutchinson’s con- 
clusion that the absence of protozoa (by treatment with toluene) 
is responsible for increased production of ammonia, Fred, using 
ether instead of toluene, subjected one series of flasks containing 
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compost soil to 100° C. moist heat for an hour and used a similar 
series, unhcated, as a check. All the flasks re(;eivcd 0.2 per cent, 
ammonium siili^hate -some of the flasks received 2 per cent, and 5 
per cent, ether. In order to obtain vigorous nitrification 170 c.c. 
of amebic-fre(‘ extract was inoculated into all the flasks. (This 
was prepared by leaching 2 kg. of compost Soil and 4 liters of sterile 
water and filtering through filter paper; the microscopic examination 
revealed the presence of no araebic.) 

“The analyses for nitrate nitrogen were made at the beginning 
of the experiments and at the end of 100 and 150 days, respectively ; 
the results showed that heating the soil to remove ameba' did not 
have a beneficial effect upon nitrate fonnation, contrary to Russell 
and Hutchinson’s work— although the addition of a small amount 
of ether increased nitrification in the flasks containing amcbjc, and 
had tlie opposite effect in the soil free from ameba‘. This, the 
authors believe, may be accounted for by the stimulating effect 
upon the nitrifying bacteria, since the heated soil not treated with 
ether showed no such increase. 

“Fred concludes (in addition to the above mentioned observa- 
tions) that ether and carbon bisulphid cause an increased fixation of 
nitrogen in pure cultures of Azotohacter. The development of deni- 
trifying organisms is hindered for only a short time, because of 
treatment with antiseptics. Both Azotobacter and denitrifying 
organisms are insignificant in a normal soil. Nitrification is at first 
inhibited and later accelerated by antiseptics, while toxins remain 
unaffected by treatment. Carbon bisulphid and ether cau.se an 
increase in crop yield under sterile conditions. 

“He holds that the increased growth of plants following the use 
of antiseptics in the soil depends essentially upon the stimulation 
to tile plant itself, in combination with a similar effect on tlie lower 
organisms. 

“Fred’s work is highly suggestive, but the determination of 
nitrogen produced is in tlie form of nitrates alone, and no data are 
set forth concerning ammonia. That this might affc^ct his results is 
evident when one takes into consideration the fact that most investi- 
gators have proved that nitrification is depressed liy antisciitics. 

“Furthertnore, like many other experimenters he does not con- 
sider the possibility of protozie cysts passing through the filter 
paper in the preparation of ‘ameba*-free extract.’ And we have 
found in our experimental work that cysts do pass through several 
thicknesses of high-grade filter paper. 

“In much the same manner, Gainey concludes that inve.stigations 
relative to the effect of toluol and carbon bisulphid upon the micro- 
flora and fauna of the soil, that: (a) small quantities of carbon 
bisulphid, toluol, and chloroform, such as have been used practically 
and experimentally, when applied to soils studies, exert a stimulative 
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rjitluT than a diininislhii^ ofl'ect upon the total niiin})er of bacteria 
j)res('nt; {h) an application of such quantities of toluol and carbon 
Ihsulphid docs not hav'X^ an a]q)rcciablc effect upon the innnber of 
types of ])rotoz()a |)reseut; (c) a very marked incrc'jise in yield may 
be not(‘d following such an a])plicatioii wlieii no evident chanj^e 
occurs in the total number of bacteria ])resent.” 

Greig-Smith’s Bacteriotoxin Theory.^ A widely different theory 
from any so far considered is that advanced by (Ireig-Smith. lie 
considers that wlien disinfe(-tants are added to the soil their action 
is two-fold: They kill the less n'sistiint l)acteria and dissolve from 
the surface of the soil ])articles a waxy covering to which he has given 
the name “agricere.” Tin; surviving bacteria, which he assumes 
are the beneficial ones, arc then able to function much more rapidly 
on account of the ex[)osure of the food due to the removal of the 
“agricere.” 

Moreover, he considers that there is a toxin contained in the soil 
which is soluble in dilute saline, ])artially destroyed by heating to 
94° (A, and rapidly decayed in aqueous solution; boiling water 
converts it into a mitricait, or by destroying the toxin enables the 
nutrients dissolved in the saline to act. Thus, heating the soil 
destroys the bacteria, toxin, which accounts for enhanced fertility. 
IJottomley and others also claim to have found soluble bacterio- 
toxins in soils. Russell and ITutchinson, on the other hand, obtained 
wholly negative results, and conclude that solul)le bacteriotoxin s 
are not normal constituents of soils, but must represent unusual 
conditions wherever they o(!Cur. Not only could no experimental 
evidence of the existence of baeteriotoxins be obtained, but Russell 
and Thaysen showed that the assumption of toxins leads to difficul- 
ties. It is necessary to suppose that heating fresh soil for fifteen 
minutes is sufficient to produce toxins but not to destroy them, 
whereas heating for sixty minutes both produces and destroys thcmi, 
and in the case of air-dried soils fifteen minutes’ lieating causes their 
decomposition. 
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TIIK INFLTTEN("K OF SALTS ON TIIF HAC'H^^IUAL 
ACTIVITIES OF THE SOIL. 

Salts that occur naturally in soils and those apjdied to them in 
various operations influence the nuiuher, speci{‘s, and activity of 
the soil microflora. Thes<‘ factors are in turn ndlected by yields 
•obtained. Some substances a])plie<l to a soil serv(‘ as food for the 
growin^^ plant; others incnaise plant growth l)ut not through the 
direct furnishing of food. This latter effect may Ix^ due to a change 
brought about by the salt on the physical, chemical, or bacterial 
proi)erties of the soil. The substanec; may alt(‘r tlu' physicjil ])r()p(‘r- 
ties of th(i soil to such an extent that the bacterial flora is modifi(‘<l; 
this in turn may increase or d(‘cr(‘as<‘ tlu' cro]> ])roduced upon the 
soil. Other substam^es may react chemically wFh constituents 
within th(“ soil and in so doing liberate substances which can be 
directly utilized l)y the growing plant. Again, they may dir(‘ctly 
modify the microflora and microhuma of tlu‘ soil both as to numbers 
and physiological efficiency. In some cas(‘s all thri'c changes may 
be wrought by the saim^ salt. The (pu'stion, tlu'nvfon', arises as to 
what effect this or that fertilizer or soil amendment is going to have 
upon the bacterial activity of the soil, h’urthermore, there are 
millions of acres of land in arid America which contain varying 
amounts of soluble salts. Some of these soils contain such large 
(piantities of these so-called “alkalies” that no vc'getation is found 
uj)on them. Other soils contain only a medium amount of soluble 
salts and the vegetation is compost^;d chiefly of alkali-resisting i)Iants. 
Still other soils contain much smaller quantities of soluble salts and 
they become injurious only when the soil is im]jroi)erly handled. 
The reclaiming of the heavily charged soils and the inaintaining of 
the others in a productive condition can be carried on successfully 
only when we understand the influence of salts upon the growing 
plants and their action upon the biological, chemical, and physical 
properties of the soil. 

Calcium Carbonate.— Much work has been done to determine the 
influence of calcium carbonate, especially whcai ai)plicd to acid soils, 
on the bacterial content and activity of the soil, but the conclusions 
reached have not always been concordant. Withers and Fraj>s 
found that calcium carbonate added to a soil greatly accelerated 
nitrification and that it is especially desirable that it should be 
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added where ammonium sulphate is being used as a fertilizer. Lip- 
man’s work showed that calcium carbonate stimulated nitrification 
more than did gypsum, that sodium chlorid was injurious to nitrify- 
ing organisms, and that ferrous sulphate in amounts from 10 to 100 
mg. per 100 gm. of soil was without effect. Tiater, he and Brown 
decided that both ammonification and nitrification were promoted 
by magnesia lime to a more marked extent than they were by non- 
magnesia lime. This, however, was to a certain extent dependent 
upon the treatment and crop growing on the soil. Both ammonifi- 
cation and nitrification were accelerated by sodium nitrate. In a 
more recent work Lipman, Brown, and Owen found that small 
applications of calcium carbonate stimulated bacterial activity, 
whereas large applications had a detrimental effect upon ammonifi- 
cation. 

In Owen’s experiments, magnesium carbonate was more efficient 
in promoting ammonification and nitrification than was either 
calcium or potassium carbonate. According to Kngberding ammo- 
nium sulphate, sodium nitrate, potassium nitrate, and caustic lime 
all increase the bacterial content of the soil, but decrease its nitrogen- 
fixing powers. Kruger’s work indicated that calcium carbonate 
was more effective in promoting nitrification than was lime, the 
reverse being true with rcganl to the putrefactive bacteria. The 
formation of ammonia from peptone was especially favored by 
calcium carbonate. Lyon and Bizzell found that lime favored 
nitrification, as did also certain nodule-bearing legumes. Fischer 
concluded that the presence of calcium carbonate in a nutritive 
solution favored the formation of protein nitrogen, but magnesium 
carbonate lessened the transformation of ammonia into protein 
nitrogen. Calcium oxid, however, exerted a much greater influence 
upon soil bacteria than did calcium carbonate. 

Kellermaiin and Bobinson’s results are of especial interest as 
they indicate that magnesium carbonate, applied in amounts 
exceeding 0.25 per cent, to a soil fairly high in magnesium carbonate, 
positively inhibited nitrification, whereas calcium carbonate up to 
2 per cent, favored it, thus indicating that the lime-magnesia ratio 
is of great importance with regard to bacteria as well as the higher 
plants. These results have been confirmed by C. B. Lipman and 
Burgess in whose experiments magnesium carbonate was highly 
toxic both in soil and in solution to Azotobacter chroococcum^ while 
calcium carbonate was never toxic even in quantities up to 2 per 
cent. Furthermore, calcium carbonate exerted a protective influ- 
ence against the toxic properties of magnesium carbonate. The 
optimum ratio varied, depending upon the medium. 

Peck studied the influence of a number of salts upon bacterial 
activity when applied to the soil, with the result that the carbonate, 
sulphate, and phosphate of calcimn were found to stimulate ammoni- 
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fication, while sodiinn nitrate depressed it; both potassium sulpliate 
and calcium carbonate accelerated nitrification in soil. Brown, 
working with a typical Wisconsin drift soil, found that the applica- 
tion of ground lime up to 3 tons an acre increased the number of 
bacteria in the soil, and also the ammonifying, nitrifying, and nitro- 
gen-fixing i)owers of the soil. The increase was in every case nearly 
proportional to the limestone applied. 

At times the increase noted in ammonification is due to the 
retention of the volatile ammonia by the carbonate, as is shown by 
Lemmermann’s results where tin; addition of calcium carbonate to a 
soil up to 1 per cent, reduced the volatilization of ammonia, but 
calcium oxid had the opposite elVect. Both calcium chlorid and 
calcium sulfate reduced the loss of ammonia, but the chlorid was 
the only salt of magnesium tested which had this effect. Potassium 
and sodium chlorids, sulphates, and carbonaPs all reduced the 
absorptive powers of the soil. Paterson studied the influence of a 
number of substances ujjon nitrification witli the result that caustic 
lime was found practically to sto]) all nitrification. (Vilcium car- 
bonate promoted it, as did also magnesium carbonaPu gypsum was 
less effective, while ferric hydrate had a decidedly faAorable effect. 
Sodium chlorid, on the other hand, had a distinctly injurious effect. 

Kelley studied the effect of calcium and magnesium carbonate 
alone and in combination upon ammonificsition and nitrification. 
In liis work calcium carbonate only slightly stimulated aminonifi- 
cation of dried blood, but it had a marked stimulating effect upon 
nitrification. The magnesium carbonate was found to be toxic 
to both groui)s of organisms. No antagonism was found to exivSt 
between calcium and magnesium. Later, wlu;n working with 
Hawaiian soils, he reports a vStimulation for both. The results, 
liowever, varied with different soils, and he consitlers the lime- 
magnesia ratio of little importance as regards the ammonifying 
and nitrifying organisms. Allen’s conclusion is that large quantities 
of limestone must be applied to a non-calcareous soil in order to 
bring its nitrifying powers up to those of natural calcareous soils. 

Lime.— Peterson and Wollny found that lime increased the (;arbon 
dioxid given off’ by soils, and Ebermaycr, llilgard, and Hartwell 
and Kellogg proved conclusively that lime increases the decay taking 
place in a soil. 

Chester showed that lime increased the number of bacteria in 
soil, the increase being proportional to the lime applied up to 4000 
pounds an acre. He considered the effect as being due to the lime 
giving to the soil a more favorable reaction for the growth of bac- 
teria and not to its direct action upon the organisms themselves. 

Lime not only increases the number of organisms in a soil, but 
it increases the ammonifying powers of the soil, as is seen from the 
work of Bemy, Ehrenberg, Vorhees, and lapman. 
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The literature dealinj^ witli the influence of lime npon the nitrify- 
ing? organisms is so voluminous tluit no attempt is made here to 
refer to all of it. In most cases the ex])erinients were conducted on 
soils which were acid and the lime su])])lied neutralized the acidity 
of the soil, thus giving the necessary neutral medium for the action 
of the nitrifying organisms. Su<*h results give little if any idea of 
th(‘ direct stimulating or toxic inlliuaice of calcium. Furthermore, 
tlu" work has recently been summarized by Brown who concludes 
that the aj)])lication of lime incr(‘as<‘d nitrate ])roduction from 
ammonium suli)h{it(‘ and dried blood, the gain being almost propor- 
tional to the quantity of lime a])])lied. This, in turn, was found to 
bear a close relationship to the number of organisms developing on 
synthetic agar. 

Gypsum, (iypsum is a strong soil .stimulant and in most cases it 
greatly incnvises the cro|) yield. The beneficial effect may be due 
to its libt'rating j)otassium or su])plying sulphur for the direct nutri- 
tion of the plant. At othtu* times it may react with the ammonia 
formed by the juumouifying organisms, the ammonium sulphates 
formed bein^’' readily nitrified. Tliere is also the pos.sibility that 
calcium sulphate' acts as a direct stimulant to the microorganisms of 
the .soil. The literature is meager and inconclusive on this i)hase 
of the subj(‘ct. 

S(iVerin conclud('s from his work that gyp.sum not only ])revcnts 
the I0.SS of ammonia from manure, but it increases the .speed of 
decomposition from 10 to 20 per cent., while Paterson states that 
gypsum slightly increases nitrification in soil, as determined by 
laboratory ex])eriments. Ih’ior to this Pichard had shown that the 
sulphates of calcium, })ota.ssium, and sodium promote nitrification. 

Opposite results are reported by Dezani who found that gypsum 
in amounts varying from 0.5 to 2 ])er cent, had no appreciable 
effect on nitrification. The results obtaine<l by lajnnaii and otliers 
varied and were inconclusive. 

Calcium Chlorid.— According to Lipman calcium chlorid in solutions 
accelerated the action of ammonifiers. It is interesting to note that 
in a later work he failed to find antagonism between either calcium 
and magnesium or calcium and sodium. The chlorids of calcium, 
magnesium, jmtassium, and .scalium were found to be toxic in the 
order named. Marked antagonism exists between calcium and 
potassium magnesium and sodiinn, and potassium and .sodium. 
Sea water was found to be a physiologically balanced solution for 
Bacillus sii h t His . 

Iron Sulphate.- Alany writers have made great claims for iron 
sulphate as a fertilizer. A goodly number of these have been made 
by individuals who wished to profit by its sale, l)ut even when these 
cases are ignored there are still many cases in which it has produced 
good results. The composition of the crop usually indicatesThat 
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iron sulpluite infliicMiccs tlie pliospliorus metabolism of tbe i)lant. 
It is hard to see liow this is jmssihle unless it he that the iron stimii' 
lates the haeterial activity, which in turn liberates phos])horus 
from its insoluble forms within the soil. It has jilready been noted 
that Lipman found ferrous sul|)hat(‘ to hav<‘ l)nt little effect upon 
nitrification, hut his results w('re not eouelusivc'. (lulfroy found 
sulphate of iron deeide<lly henefieial to oats, less henetieial to rye, 
without action on rye-grass, and harmful to wheat. lie eoneinded 
that its action must he due to its iiillueuee oii th(‘ luologieal processes 
of the soil. According to I’aterson and Scott, ferric hydrate has a 
distinctly henefieial effect uj)on nitrification. In tliis latter ease 
its action could he due to its serving as a base. According to 
Lijunan and Burgess the ammonificTs are more s(‘nsitive to iron 
sulphate than are the nitrifiers, for though small amounts of iron 
sul])hatc stimulated the latter, it was toxi(; to tli(‘ former in all (*on- 
ceiitrations tested. 

Magnesium Salts. — Magnesium compounds usually stimulate 
haeterial a(*tivities to a greater ext(*nt lha,n do ('alcium com])ouuds, 
as has been noted in some of the literature alreadv' cited, hing- 
herding’s results, however, showetl that, while magm'sinm sulphate 
stimulated haeterial activities, it was not as ('lfecti^e in this regard 
as was ammonium sulphate, soelium nitrate*, e)r ])otassium sulphate. 
The work of Makrine)V is eif interest siue*e‘ he* found ])ure‘ magnesium 
e*arhonate a very suitable suhstane-e e)n which to gre)W the nitrous 
organism. Furtherme)re, magnesium e*arhonate had a streengly 
henefieaal (‘ffee't e)n the ]>hysie>le)gieal aetieui e)f the e)rganism. Keller- 
mann and Hobinsem, on the other hanel, fe)und that magnesium e’ar- 
bonate when applieel to a soil alrc'aely rie*h in magnesium e*arhonate 
pe)sitively inhihiteel nitrifieatiem if the t|uantity aeleleel e*xe*ee*ele3d 
0.25 ])e*r cent. This is an apparent e*e)ntraeli(tion, hut it may he 
elue te) the elifferent conelitie)iis e)f the e*x])eriments, sirie-e one* investi- 
gator was we)rking with culture of the organisms \vhere*as the e)ther 
was using the soil with its ee>ih])lex flora. htirthe*rme)re, it is epiite 
possible that magne.sium carbonate may he without effect upe)u e)r 
even ae*celerate the growth aiiei activity eif the X ilrosoiiK/na.s anel 
yet inhibit the Nitrowonas. 

Manganese. wSe)me experiments by Skinner anel Sullivan elemem- 
strate that manganese acts in variems ways as a fertilize*r. It is 
often without influence, occasionally injurious, hut usually hene- 
fieial, its effect depending ap])arently ui>o!i the* ce)mj)e)sition and 
character of the soil. The oxidation in senls unelcr tre atment with 
manganese salts was also studieel and it was founel that an increase 
in oxidation and growth frecjnently occurred in afpieous (*xtracts of 
poor, unproeluctive soils. Although oxidation was incrc*ased in 
fertile soils, growth was decreased, the ])lants showing indications 
of excessive oxidation. Field experiments showed practically no 
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effect due to the manganese salts, but the soil was acid, a condition 
which may have accounted to a considerable degree for the nature 
of the results. 

It is suggested that when the action of manganese is beneficial, 
“it is probably due (1) to the increased oxidation produced in the 
plant roots whereby the plant is stimulated to greater activity and 
to increased absorption of the material useful for its growth and 
general metabolism; (2) to the stimulation of the actiiyitrj of micro- 
organisms in the soil; (3) to an increased oxidation within the soil.” 

The same autliors also suggest that when large applications of 
manganese have been found to be injurious, the injury is 
undoubtedly due to the “excessive stimulation and excessive oxida- 
tion in microorganisms and in the plant, with a resulting change in 
the biochemical aeti\ntics of plant and microorganivsms and in the 
conditions of inorganic and organic soil constituents, the ultimate 
result of which cliange is injurious to the growing crop.” 

Montanan found that manganese carbonate, sulphate, and dioxid 
greatly stimulated nitrification, but attributed it to either the direct 
or the indirect furnishing of oxygen to the nitrifying organisms, 
and not to any catalytic.* effect of the manganese itself. Beijerinck 
observes that some soil organisms have the power of oxidizing 
manganous carbonate. Olaru found that manganese' in the propor- 
tion of one part to 200, ()()() j)arts of nutritive media greatly increases 
nitrogen fixation, lie also considers it rather likely that the 
increased yield obtained after the api)lication of manganese com- 
pounds to a soil is due to its accelerating the action of the nitrogen- 
fixing organisms of the soil. 

Leonclni found that the application of manganese oxid to the 
soil at the rate of 0.035 to 2.2 per cent, favored nitrification, whereas 
larger amounts had no effect. 

Brown’s work, which is i)robably the most extensive study of the 
influence of manganese compounds on bacterial activities so far 
reported, shows that the influence of the manganese salt upon bac- 
terial activities varies with (1) the kind of salt added— manganese 
chlorid and sulphate acting in low concentrations as stimulants to 
both ammonifying and nitrifying bacteria, but in greater concentra- 
tion being highly toxic; (2) its action varies with the specific class 
of organisms which were being studied, . the ammoniliers being more 
resistant than are the nitrifiers. 

Potassium Salts.— Because potassium is essential for the nutrition 
of both the higher and lower forms of plant life, it is to be expected 
that when added to a soil medium poor in potassium it^will increase 
bacterial growth, but, like many other true nutrients, may become 
toxic if present in too high concentrations. As already noted, 
Engberding states that potassium sulphate caused a slight increase 
in the bacterial content of a soil. While Peck found it to increase 
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nitrification in soils, Renault claims that slow aininonification and 
subsequent nitrification is always accom]>anicd by a low perccnta^^e 
of potash. Dumont’s experiments showed that potassium car- 
bonate, added to a soil at the rate of from 1 to 2,5 gm. per 1000 gin. 
of soil, markedly increased nitrification, but tliat larger applications 
of the salt progress! v'cly diminished the rate of nitrification, while 
the addition of 8 gm. to 1000 gm. of soil comph^tc'ly checked it. 
lairnia concluded that potassium chlorid and sul|)hatc were nearly 
as effective in promoting the activity of alcoholic ferments as were 
phosphates. 

Fred and TTart found that both calcium and potassium sulphates 
increased ammonification in solution and that the sul])hates of potas- 
sium, cal(*ium, and magnesium each increased the volume of carbon 
dioxid from soil. From the results obtained with different salts, 
they conclude that the addition of th(' ])otassium ion did not mate- 
rially increase ammonification in the soil examined. 

Sodium Salts.— Sodium salts are often used as fertilizers and with 
good results. Furthermore, many alkali soils contain sodium salts 
in quantities sufficient to be toxic to both the higher and lower 
plants. For these reasons many investigations have been conducted 
to determine the influence of sodium compounds u})on higher 
plants, and many have had as their object the d<4erininat ion of their 
influence upon soil bacteria. 

As early as 1884 Warington showed that the presence of ().()52 
per cent, of sodium biearlionate distinctly retarded nitrification, 
and that in the }>resencc of O.Offfi ]>er c('nt. nitrification was very 
slight. Schlosing had added various salts to tin* soil in (|uantities 
not exceeding 485 parts per million with no ai)i)arent effect upon 
nitrification. However, Deherain found tfiat common salt com- 
menced to be harmful when it exceeded one-thousandth of the weight 
of soil, and wlien larger e|uantities are applied nitrification almost 
ceased. According to the same observer sodium nitrate; may stop 
nitrification for a time, but later it recommences. Lijnnan and 
others found that sodium nitrate increased the accumulation of 
nitrates in a soil. They found, however, a certain periodicity in 
the accumulation of nitrates which wmuld account for the different 
results reported by various investigators. 1 n later inv(;stigat()rs they 
concluded that at times sodium nitrate stimulates ammonification. 
McBeth and Wright found that carbonates, chlorids, and sulphates 
inhibited nitrification and that the former were more injurious than 
the latter. 

The most far-reaching and systematic work which has been 
reported on the influence of salts upon bacterial activity is the 
excellent work by C. B. Lipman who demonstrated that ammonifi- 
cation is inhibited by sodium chlorid, sodium sulphate, and sodium 
carbonate. The points at which the salts became toxic are: for 
10 
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sodium chlorid, between 0.1 per cent, and 0,2 per cent. ; for sodium 
sulphate, 0.4 i)er eent. ; and for sodium carbonate, 2.0 i)er cent. A 
stimulating influence was noted in the case of sodium carbonate, 
but not in the case of the sulphate or the chlorid. The points at 
which they became toxic to nitriflers were found to be: for sodium 
carbonate, 0.025 per cent.; for sodium sulphate, 0.25 per cent.; 
and for sodium chlorid, less than 0.1 per cent. 

All except sodium chlorid acted as a stimulant in lower concen- 
trations. Later Jujanan and Sharp found the point at which sodium 
chlorid became toxic to nitrogen-fixing, organisms in soil to be from 
0.5 to 0.0 per cent.; sodium sulphate, at 1.25 per cent.; and sodium 
carbonate, at 0.4 to 0.5 per cent. vSodium chlorid was tlie only one 
which acted as a stimulant. Recently lyipman has demonstrated 
that there exists, as measured by ammonification, a true antagonism 
betw('en sodium chlorid and sodium sulphat(‘; between sodium 
chlorid and sodium carbonate; and between sodium sulphate and 
sodium carbonate. 

Brown and Hitchcock found nitrification to be stimulated by 
small amounts of sodium chlorid, sodium sulphate, and magnesium 
carl)onate, and large amounts of calcium carbonate. Tlie large 
quantities, however, became toxic, th(‘ point at which toxicity and 
probably stimulation occurs varying with the different soils. 

Variation in Effect Produced. — It is (piite evident from the litera- 
ture reviewed that the addition of a salt to a soil may ])roduce a 
number of different clfects, depending upon the nature and quantity 
of the salt added: (1) The salt may stimulate some or all of the 
bacterial activities of the soil; (2) it may be witliout effect; (3) it 
may be toxic to some and without effect or stimulating to others; 
(4) it may be toxic to all of the bacteria of the soil and hence either 
kill the organisms or, what is more often the case, materially 
decrease their metabolic activity. 

These factors are well illustrated in an extensive study carried 
on by the author on the chlorids, nitrates, sulphates, and carbonates 
of sodium, potassium, calcium, magnesium, manganese, and iron. 
They are especially interesting in that it indicates the influence of 
these twenty-four salts on the ammonifying and nitrifying powers of 
a soil all tested under similar conditions. Though the results are 
not absolute, they do represent rather nearly the relative action of 
the various salts, as may be seen by comparing them with the 
results reported by others. One fact, however, which the student 
must bear in mind with these, as with all other results, is that an 
accumulation of a specific substance within the soil may represent 
either an acceleration of the activity of the organisms which form 
that compound or a decrease of the efficiency of the organism which 
destroys it, . 
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Stimulating Action.— Only six of the twenty-four eoin])oinKls 
tested failed to stimulate the ammonifying]; organisms at some con- 
centration. 'Ihose which did not stimulate were calcium chlorid, 
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Fio. 20. — Graphs showing molecular con cent nil ions iit which the various salts exert 
greatest stimulation on bacteria in soil. 
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ealciiHii nitrate, potassium chlorid, potassium siilphate, magnesium 
nitrate, and sodium sulphate. 



I’kj. 21. -draphti showing tlio porccnta«:o of st.inmlation at. tlie above noted molec- 
ular eoueeiit rations (See Fif?. 20), t!ie unlreated soil Ixarm (anintfsl as producing 
100 p(‘r ('('nt. of nitric nitrogen. 



Fig. 22. — (Iraphs shovviiif^ the molecular concentrations at which the various salts 
are toxic to ammonifying and nitrifying organisms in the soil. 


There were also six which failed to stimulate the nitrifiers, but 
it is quite evident from the results given in Fig. 20 that in the 
majority of cases these are different from the ones which failed to 
stimulate the ammonifiers. This is remarkable when we remember 
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that the speed of the nitrification inocess is controlled and dependent 
upon the speed of ammonification. Tlie results clearly indicate that 
there are other side reactions taking ])lace which are inlluenced by 
the salts but which arc not measured by the ordinary bacterio- 
logical method. 

It is evident, however, from tin* results re]){)rt(Hl in Fig. 21 that 
those compounds which are most active as stimulants to the higher 
plants are also most active in stimulating bacteria. It is likely that 
th^ efl’ect upon the plant is due in a large measure to the jiction of 
the compound upon tlu^ baetta-ia, which in turn rejider available 
more plant-food. 

Toxicity of Various Salts.- 'rhere is an extremely wide variation in 
the concentration at which various salts become toxic to soil bac- 
teria (Fig. 22). Some must occur in soils in large quantities before 
becoming toxic, wliereas otliers an' toxic wlieii ])resent in only minute 
quantities. 44ie toxicity of the salts to ammonifying organisms arc 
controlled largely by the electronegativ(! ion, l)ut this is not as 
pronounced in the case of the nitrifiers. The latter class of organisms 
is, however, more sc'iisitive to salts than an; the ammonifiers. The 
ammonifiers represent more nearly the higher ])lant. 

It is ap]3arent from tliese results that the increased osmotic 
pressure exerted by a salt within tin* soil ])lays a ])art in retarding 
the bacterial activity of such a soil, but it is not the only factor. 
The main factor is probal)le a physiological one, due to the ac;tion 
of the substance ujjon the living protoi)lasm of the cell changing 
its chemical and physical properties in such a way that it cannot 
function normally. 

JtEl'KUENCE. 

Orp.i,ves, J. E.: “The Influence of Salhs on the Uiicterial Acli\it.\ of the Soil” 
(Soil Science, 191(5, ii, 443 -4<S0). 



CHAPTER XV. 


INFLUENCE OF MANURE ON THE BACTERTAT. 
ACTIVITIES OF THE SOIL. 

The application of barnyard inanurc to a soil brings about a 
far-reaching change within the soil. It has been found that, on the 
average, one ton of barnyard manure contains 10 or 12 pounds each 
of nitrogen and potassiinn and 2 or ‘A pounds of phosphorus. It also 
carries other substances of less iinportance which may be directly 
utilized by the growing plant or which may react with substances 
within the soil, changing their solubility. This direct and indirect 
nutritive value of a manure is not its only function, for it greatly 
changes the physical structure of the soil. It improves the tilth of 
a clay soil l)y increasing the granulation within it, while in a sandy 
soil it tends to bind tlie i)articles together, making it less porous. 
Each of these changes react upon the water-holding capacity and 
the capillarity of the soil, greatly altering the aeration of the soil 
and with the a(.u*ation the temperature. 

The biological changes which the manure produces in the soil, 
especially when small cpiantities are added, may be even more far- 
reaching than either the choinieal or physical changes which it 
produces. Every pound of manure carries with it to the soil millions 
of bacteria. Many of these will find the new conditions unsuited for 
their gro\\i:h, but some will continue to multiply, and in so doing 
not only vAW decompose the constituents of the manure but also 
will greatly alter other organic and inorganic substances of the soil. 
The bacterial content of the soil is, therefore, changed both quanti- 
tatively and qualitatively. There are added with the manure many 
new species; the changed physical and chemical conditions of the 
soil <lue to the manure will greatly modify those already present, 
for the microflora and microfaima originally i)resent in the soil were 
due to specific soil properties. 

This changed flora and fauna will in turn change the chemical 
and physical properties of the soil still more. Acids are generated, 
which react with insoluble constituents, rendering them soluble. 
Gases are formed, which change the air within the soil; in these 
reactions heat is generated, thus changing the temperature of the 
soil. The metabolism of the bacterial cell requires nutritive sub- 
stances, among which are water and the elements essential to plant 
growth. Some soluble constituents will be changed to insoluble and 
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some Inorganic to organic. All of these changes arc reflected in the 
crop yield. 

Number.— That the addition of manure to a soil increases the 
number of bacteria has been shown by Remy and Fischer. 

(Aaron found that the number of bacteria present depends not 
only upon the manure added but upon the (-ultiiral metliods and the 
crop grown on the soil. Fabricius and von Feilit/en found that 
bacteria increased in the soil on the addition of manure and that a 
direct relationship existed between the temperature of a soil and 
the number of bacteria found in it. That the temperature of the 
soil is influenced by the addition of inanurc is shown by Wagner who 
observed that manure increased the tein])(T{iture of soil from 1 to 
2.8° (h, depending on the kind and condition of manure added. 
Troop noted a!i average inereasc of o° in temj)eratnre of soil reeeiving 
25 tons an aere of manure over an umnanured soil. Petit, however, 
claimed that, while there was at first an increase in the temperature 
of manured soils, later it beeame lower than the umnanured. Stigell 
eoncluded that ba(;teria und(‘r favoralde conditions for <1(‘ a^lo])ment 
retarded tiie conduction of heat in soils and therel)y re<luced the 
tem})eratnre changes due to the variation in tlu* outside temp(‘rature. 
dins, in a way, might neutralize the effect of manure, for Ileeker 
found that although the tem])erature of soil to wliieh well-rotted 
manure had Ixam added was higher than a<ljaeent nmnaiiured soil 
during the day, the opposite was true during the niglit. (ira/ia 
stated that manures greatly increase the tem])erature of the soil. 
King found that a definite increase in bacterial activity occurred 
with increased temperature, but that an excessive' moisture content 
greatly reduced the number of bacteria in a soil. Ihigberding 
claimed that manure increased the number of bacteria in a soil, l)ut 
he considered that the moisture content had a greater iniluenee on 
numbers than did tem[)erature. That the moisture content greatly 
influenced bacterial activity was shown by Deherain and Dtanoussy, 
who found that the l)acterial action of a soil was at its maximum 
when a rich soil contained 17 ])er cent, of water, but that it decreased 
if the proportion of water fell to 10 i)er ctuit. or rose to 25 per cent. 
With soils less rich in humus a somewhat liigher ])roportion of water 
was necessary to retard oxidation to any markt'd degree. In a 
manured soil the coarse manure tended to cause the surface soil to 
dry out, while fine manure prevented evaporation. King observed 
that manured land contained more moisture throughout the year 
than umnanured, and this was reflected in both a greater number 
of bacteria and in a larger crop. ^ Th*e bacteria themselves may 
play a small part in this difference in moisture content, as was 
shown by Stigell, who found that bacteria decreased the speed of 
evaporation of water from Petri dishes, lliltner and Stormer’s 
results indicate that the addition of manure to a soil brought about 
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a marked change in the nnmber of bacteria. The teTnj)erature, 
cultural methods, and crop liad an inlliience, but it was not nearly 
so pronounced as that produced by the manure, as is seen from the 
following in which is given the number, stated as millions per gram, 
of bacteria found in manured and unmanured soils at dilTereiit 
seasons. 
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Brown, in a study of the influence of manure on the bacterial 
activities of a loam soil, found that applications of manure u]) to If) 
tons an acre increased the number of bacteria and also the ammoni- 
fying and nitrifying powers of the soil. The greatest increase in the 
processes was brought about by small applications of manure, <S to 12 
tons to th(‘ acre. He observed a close n'lationsliip between the 
ammonifying powers of the soil, tlie bacterial content, and the crop 
produced on the soil. 

Temple .stated that the addition to a soil of 10 tons an acre of cow 
manure greatly increased the number of bacteria in the soil, but 
that a greater increase occurred when a sterilized manure was applied. 
This, however, is not in keeping with the results obtained by other 
inve.stigators. Ilellstnim concluded that manures possessed a 
fertilizing elTect a.side from the quantities of ha-tilizer constituents 
contained within them; and this, he maintained is due to their great 
bacterial content. Stokla.sa found that manure increa.sed the bac- 
terial content and activity of a soil, the increa.se being greater with 
small, frequent ap})lications of manure than with large applications 
made at longer intervals. Moreover, Lipman and others observed 
that the bacteria conveyed to soil in small quantities of mariun; 
were valuable in bringing about a more rapid decomposition of a 
green-manure crop. Briscoe said that a direct relationship existed 
lietween the organic matter added to a. soil and the bacterial count, 
and that a light dressing of manure with green manure produced a 
marked increase upon both the yield of the crop and number of 
bacteria. Bacterial cultures added with the green manure gave just 
as pronounced an effect as Bid the stable manure. Lemmermann 
and Einecke, however, obtained no increase on adding stable manure 
with green manure. This may be due to the different kind of manure 
used, for Emmerich and others maintained that a more favorable 
effect was obtained from the use of well-rotted manure than from the 
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use of fresh manure. 'I'his, they inaintaincd, was due to the i)rn- 
duction in the latter of formic, acetic, and l)iit\ ric acid, iiidol, skatol, 
and hydrogen sulphid, which are toxic to the plant. I hider some 
conditions, the large (piantitics of (“arhon dioxid Iil)cratcd from the 
rapidly decomposing fresh manure may l)c vahiahle in rendering the 
plant-food soluble, l^ornenianii found that soil constantly siii)i>licd 
with carbon dioxid through a pipe buried in tlie ground gave an 
increase in yield of 12.2 per cent, over the crop grown on untreated 
soil. Wollny has shown that manure greatly increased tlie earbon- 
dioxid production in a soil. 

Ammonification and Nitrification. Moll considered that the sc^ason 
of the year, and not the kind of fertilizer used, nor even the weather 
conditions, is the i)rincii)al factor in (hdermining tlie exb'iit of ])ei> 
tone decom])osition, nitrification, and nitrog(‘n fixation of :i soil. 
According to Wohltmanii, Fis(;her, and vSehneider, ainmonilication, 
nitrification, and nitrogen fixation were all more or less increased 
by the appJi(;ation of manure. Heinze found that manure was 
especially beneficial to the nitrifying organisms. Wariiigton reiiorts 
that much more nitric, nitrogiai was found in the soil of ])lots which 
had received annually for thirty-(*ight years a <lressing of 14 tons of 
manure to the acre than in any of the other inaiiured or unmanured 
plots. Stevens found that nitrilieation was nuK'h more active in 
manured than in uninanured soil, but Krankfurt and 1 )uselieehkin 
observed an increase in nitrification only on those manun'd plots on 
which the yield had increased. VWelhel has shown that tlie chief 
factors controlling nitrification in fallow soil W(‘re the humus and 
the humus-nitrogen content, the nitrification having increased 
directly with the humus. He noted, however, a certain amount of 
denitrification at first, but later in the summer nitrihfxition became 
more rapid on the manured than on the immanured soil, tlu^ eIVcct 
of the manure being still perceptible after four ytxirs.jf Some investi- 
gators have reported a reduction of nitrates, but tlu‘ (luaiitity of 
manure applied was excessive, or else of a very (Darse nature, or the 
soil poorly aerated. Ifarthel found that nitrilieation did not take 
place in the presence of soluble organic inatter, but he considered 
it unlikely that sufficient quantities of solulde organic constituents 
occurred in normal agricultural soils to interfere greatly with nitri- 
fication. Niklewski maintained that nitrification occurred in solid 
stable manure when there was not much liquid ])resent. lie stated 
that on the first day some nitrite bacteria were i)resent and at the 
end of four weeks there were 10,000 in each gram. Associated with 
these were nitrate bacteria which were identical with those isolated 
by Winogradsky. Millard, however, was unable to find many nitrify- 
ing bacteria in manure. 

Loss of Nitrates.— Many of the cases in which individuals have 
reported a disappearance of nitrates in soil are due to synthetic 
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reactions, the nitrates bein^ built up into complex ])roteins. For 
(lerlaeh and \'o^el have shown that tlnax' are several varieties of 
bacteria in tlie soil which have the power of converting ammonia, 
nitrites, and nitrates into insoluble proteins. 

It is evident from the literature cited that there is a wide variation 
in the ideas held concerning the influence of manure upon the 
bacterial flora of the soil. This is due to a number of factors, chief 
among which arc: (1) variation in the physical and chemical com- 
position of the soil; (2) a great variation in the composition of the 
manure used; and (3) the manure added may have influenced either 
beneficially or injuriously the water content of the soil. The results 
noted may hav e been due to the moisture factor and not to the 
manure. An ex])erimcnt was comfucted at the Utah Experiment 
Station both in ])ots and under field conditions. Each ton of the 
manure added was partl\ rotted and contained in one ton 734 pounds 
of dry matter, 3.04 pounds of i)hos])horus, 13.7 ]K)mids of potassium, 
and 10. OS pounds of nitrogen. 

The conclusions reached follow: A calcareous soil kept in pots 
with varying amounts of manure and dilferent percentages of moist- 
ure gave on bacteriological analysis at the end of four months the 
following results: The temperatures of the manured and unmanured 
were i)ractically the same for the period, but the tem])erature of the 
soil with 12.") per cent, of water was \° C. higher than soils with 
22.5 per cent, of water. The greatest number of organisms devel- 
oped on synthetic media from the soils receiving the greatest quan- 
tity, 25 tons, of manure. There were more colonies developed from 
the soil receiving 12.5 per cent, of water than from any of the other 
soils receiving higher quantities of water. 

The nitrifying powers of the soil increased as the manure and water 
applied increased uj) to 25 tons of manure and 22.5 per cent, of 
wat(‘r. 

Tlu^ nitrogen-fixing powers of the soil were greatest in those pots 
receiving manure at the rate of 10 tons an acre. Increasing the 
water above 12.5 per cent, but not above 22.5 per cent, slightly 
increas(Ml the nitrogen-fixing i)owers of the soil. Nothing in the 
results indicated that the a))plication of manure up to 25 tons an 
acre and of water up to 22.5 per cent, caused denitrification in the 
soil. 

Bacteriological analyvses of fallow field soil receiving no manure, 
5 tons, and 15 tons an acre and receiving no water, 5 inches, 10 inches, 
20 inches, 30 inches, and 40 inches- of irrigation water, indicated that 
the maximum number of bacteria were obtained from the soil 
receiving 15 tons of manure. The application of irrigation water 
up to 20 inches increased the bacterial count, the increase being 
most noticeable in the soil receiving the greatest quantity of manure. 
^ If the ammonifying power of the unmanured soils is considered 
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as 100 per cent, and that of the iinirrij^ated as 100 per eent., the 
manured and irrigated soils tlaMi beeoine witii 5 tons of manure, 147 
per cent.; witli 15 tons of manure, 1<S8 per cent.; 5 inches of watcT, 
100 per cent.; 10 inches of water, 117 per cent.; 20 inches of water, 



Fig. 23. -DiaKram .showin>< the innuonrc of manure ou (lie yield mid bacterial aelivi- 
ties of a soil. The uiimaimred soil is expn'ssed as 100 per cent. 


108 per cent. Large quantities of irrigation water produced the 
greatest depressing effect in the presence of !•> tons of manure to the 
acre. 

Fewer organisms develop on synthetic agar from a cropped than 
from a fallow soil. The application of manure to a cropped soil 
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increases the bacterial count of the soil. The greatest number of 
organisms developed from the soil receiving 10 inches of irrigation 
water. 

The ammonifying jiower of the croj)pcd soils was slightly lower 
tlian similarly treated fallow soils. The application of 5 and 15 
tons of manure on each acre increases the ammonifying power of the 
soil. The a|)plication of irrigation water up to 50 inches increases 
the ammonifying power of the soil. The greatest increase resulted 
in those soils receiving 15 tons of manure to the acre. The applica- 
tion of 40 inches of irrigation water to corn land, especially to that 
receiving 15 tons of manure an acre, depresses the ammonifying 
power of the soil. 

The nitrifying pow(‘r of fallow soil was higher than similarly 
treated crop])ed soils. The application of manure to a cropped soil 
greatly increases tlu' rate of nitrification. The application of irriga- 
tion water up to 50 inches, esj^ecially to a .soil receiving 15 tons of 
manure, greatly increases its nitrifying power. 

Green manures are rajadly taking th(' plac(* of ban^ fallows in all 
of the better systems of agriculture wh<‘re the rainfall will permit of 
the practice. Tlie practice of green-manuring consists, essentially, 
of the turning under of green cro}).s for the benefit of succeeding 
crops. In addition to tin* various leguim's, which are ])referred on 
account of thc'ir al)ility to take nitrogem diicct from the air, crops 
like rye, wheat, oats, buckwheat, mustard, rape and even turnips 
have been used more or less extensively as green manures. 

The plowing under of green manure producx's either a beneficial 
or injurious elVect, depending upon the nature of the soil to which it 
is applied, the kind of manure added, and the season of the year 
when applied. Some of the beneficial influences noted are: 

1. Th^y carry to the soil large quantities of organic matter which 
on decaying yield humus, and this in turn changes materially the 
physical and chemical eomposition of the soil. Schultz started in 
1855 on an extremely j)oor, coarse-grained, sandy soil, and gradually 
improved it by the use of lime, phosphoric acid, and potash in con- 
nection with such green-manuring crops as lupines, serradella, and 
field-peas, until he could produce tlircc hundred to four hundred 
bushels of potatoes to the acre. Neale noted a marked gain in the 
yield of corn when crimson clover was used as a green manure. He 
believed the nitrogen thus applied to be much more economical than 
when nitrate of soda is used, h^or sandy soils the results of Delwiche 
would indicate cow])eas, hairy vetch, soy beans, and crimson clover 
to be best, and Pfeiffer’s results indicate that it is the open, sandy 
soils which give the best results with green manures. The actual 
effect produced, however, varies witli the time of application. 
Biissler recommends that where lupines, serradella, crimson clover, 
and hairy vetch are used for green manure on sandy soils they should 
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he turned under as late as ])ossible in tlie life of the plants and not 
in the hot summer when tlie plants are j^reen. This agrees with the 
findings of Caiisemann who recommends that they be turned under 
late in September. It has been observed by Hrc'demann that the 
addition of organic matter, such as hay and sugar, i)roduces a liarm- 
ful effect the first year and a Injiieficial effect the two following years. 

2. (Ireen manures change the number and kind of organisms 
occurring in the soil. Hill found the total number of bacteria in 
soils treated with green manures to be much greater than in those 
receiving no green-manure treatment. Legumes gave in most cases 
a greater increase than non-h‘gumes. Miintz consid(‘rs the value of 
green manures ju’oportional to the rapidity with which their nitrogen 
is converted into nitric nitrogen. Ilein/e, on contrasting stall and 
green manures, found that the latter carri(‘<l but few organisms which 
would break down the insoluble material, d'he (le(‘omj)osition of 
green manure was found to be dm^ to dust organisms and to organ- 
isms found in soil. Lor this reason the mmdH'r and hind of organisms 
in a given soil determine in a great measure tin* influence of green 
manure's on succeeding croi)s. Decomposition is rapid in an o])('n, 
sandy soil rich in bacteria and relatively slow in a soil poor in bacteria. 
In an oix'ii, sandy soil the nitrogen of the grce'ii manure' Tiiay ])ass 
e)ver into nitrates and be washeel e)Ut, whcre'as in a lu'avier se^il the 
nitre)ge'n bee*omes available me)re sle)wly and is not waslied out so 
rapidly. Fen* this reason in heavy se)ils gre'e'ii manure's eeften give the 
best results the se'ce)nel year. 

Koch tliinks the ge)e)el t'ffeets ])re)due*e'el wIk'u gre'cn Tuamire is 
aelelcel te) stalde manure may be ehic te) an ine-re'ascd nitrogen fixatiem 
by AzotohacUr , the eerganism msing the* e*e‘lhilose' of the manure as a 
source of energy; wherenxs Heinze ce)nsielcrs that the re'snlts whie-h he 
obtaineel fremi stuelying the aetieni e)f e-arbon bisnlphid e)n soils may 
help us to understand the pee*ulia.r e'lleets jirexluecel at times by the^ 
turning under of mustarel, bue*kwheat, rye, aiiel otlu'r non-legnminous 
crops. It has Iteen noted i*cpeatedly tliat these cro])s when plowed 
under in a green state lead to a bettt'r gro\\th of the following (.‘ereal 
or root crops on nitrogen-poor soils. As lleinze ])oints out, there 
may have been more or less justification for this bcli('f, so far as the 
indirect influence of mustard is concerned. It would seem at times 
that the action of mustard is not unlike that of carbon bisnlphid in 
affecting the bacterial flora of the soil, and it really ai)i)fears from 
facts already known that the green mustard substance in the soil 
retards the development of the acid-forming species and encourages 
the growth of the nitrogen-fixing AzotAibacter .species. lleinze, 
therefore, thinks that further study may enable us to make extensive 
use of mustard as an indirect source of combined nitrogen, and tries 
to find theoretical supi)ort for this belief in the fact that allyl 
isothiocyanidr mustard oil, C3H5 — N = (' = ►S, which is a constit- 
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uent of the mustard plant, may be regarded as a derivative of 
carbon bisulphid and probably would have a similar influence upon 
the soil microflora. 

3. The growing of a crop during the season of the year when the 
heavy rains would wash much of the nitric nitrogen beyond the 
roots of the plants prevents this loss, for the nitrogen is stored in 
the body of the plants and is later liberated by decomposition for 
succeed i ng pi ants . 

4. The growth of the legumes may actually lead to an increase in 
the nitrogen ()f the soil. The method, extent, and conditions under 
which this occurs is (considered in detail in later chapters. 

The results, however, following the use of green manures are not 
uniformly benelicial, for the following ill effects have at times 
followed its use: 

1. The physical condition of the soil may be injured, ft becc^rnes 
too loose and open, decomposition lacing thereby decreased and 
leaching increased. This was probably the reason why Brown did 
not always lind an imcn'jise in the bacterial activities following the 
application of green manure. This is also true with regard to the 
work reported by Laurtait. 

2. Engberding, studying the effect of straw and sugar upon the 
number of bacteria in the soil, found at first an increase, followed by 
a decrease. The ammonifying and nitrogen-fixing groups of bacteria 
showed an increase, but the nitrifying group was retarded. 

Fischer, in his paper on the changes undergone l)y nitrogen in 
sandy and clayey soils, offers an explanation for the loss of nitrates 
in a soil to which carbohydrates have been added in the following 
reaction : 

24 NaNOa + r)r 6 Hi 2()6 - 24 NaOII + 12 N 2 + HO CO 2 + 18 IhO 

The oxygen of the nitrate is used by the ferments for the oxidation 
of the carbohydrate and the nitrogen is liberated as a gas. 

Frankfurt and Duschechkin state that green manure under field 
conditions caused a diminution of the nitrate content. Both legumes 
showed tliis effect, but they consider it as due to tlie action of the 
manure upon the soil moisture. 

Stevens and Withers give two reasons why the activity of nitrify- 
ing organisms, in pure culture under laboratory conditions, cannot be 
compared with their activities under conditions in the field: (1) In 
mixed culture their symbiotic and jihysiologic relations are so 
different from those obtained in pure cultures that their metabolic 
processes are with difficulty expressed;” (2) “the presence of large 
amounts of solid matter, sand, or earth, in exmtact with the liquid 
medium, so alters its relation to the nitrifying organisms that their 
physiologic activities and metabolic products are different.” These 
authors say in conclugioq; “In the light of the facts set forth* the 
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direct application of Winogradsky’s conclusions to the field must be 
abandoned and with them any ])ractices bascul njx)!! them, and the 
activities of these soil bacteria must, in the future, be studied more 
largely under their natural environments.” 

Lipman, commenting on these* earlier views, believos that “the 
exact relation of organic matter in the soil to the activities of nitrify- 
ing bacteria is but beginning to be ])ro])erly understood. Earlier 
observation made it manifest that heavy api)lications of animal 
manures, or green manure, may not only retard nitrification but 
may actually cause the disappearance of a part or of all ()f the nitrate 
in the soil. Snl>scquent experiments by Winogradsky and Omelianski 
showed that in pure cultures the presence of even slight amounts 
of soluble orgjinic i, natter may depn'ss or even snpj)ress tlie develop- 
ment of they nitrifying })acteria. Jt was, thcre'forc, concluded by 
these authors that relatively small amounts of soluble organic 
matter may inhibit nitrification. These con(*hisions, based on the 
study of liquid cultures only, were given a very broad api)licatioii 
by many writers on agricultural topics. More recent experiments 
make; it certain, however, that in the soil itself small amounts of 
soluble matter, for example, dextrose, are not only harmless but 
may really stimulate nitrification. It was shown, likewise, that 
humus and extracts of humus may, under suitable conditions, stimu- 
late nitrification to a very striking extent.” 
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CHAPTER XVI. 


THE SOIL FLORA. 

M\v() nietluKls are in geiieml use for the quantitative deterniina- 
tion of bacteria in the soil: the Koch gelatin-plate method and the 
Hiltner and Stdnner dilution method. 

Korh Oclatfn-platr Method . — ddie determination by the gelatin- 
l)late method is made as follows : Samples of soil are carefully mixed, 
usually l\y shaking, and 100 grams of the mixed soil weighed on sterile 
paper or Avateh-gl asses into 200 e.e. of sterile water, 'fhis is sliaken 
for one minute. Ten e.e. of this is transferred to 90 e.e. of sterile 
water, d'his is continued until the proper dilution is obtained, 
usiudly 1 to 20,000 and 1 to 200,000, then they arc plated on gelatin 
or some other solid media. The number of colonies developing is 
counted at the (Mid of four or seven days, d'hc longer period is pref- 
erable for msiny of th(‘ imjiortaiit soil organisms are missed in the 
shorter incubation ]>eriod. 

Hiltner and Stdnner Dilution Method.- The Hiltner and Stormer 
method uses solutions prepared to favor in each case the develop- 
ment of one of the various groups of bacUiria, (ammonifying, nitrify- 
ing, nitrogen-fixing, etc.). The soil is iiuxailated into the appro- 
priate media in constantly d(‘creasing quantities usually 100, 10, 1, 
0.1, 0.01, 2, and 0.001 mg. of soil. The material is incubated and 
after the ai)pro])riate time the gain in ammonia, nitrites, nitrates, etc. 
determined. By this procedure a point is finally reaclnxl where the 
small ftuantity of soil employed contains none of the specific organ- 
isms, and hence fails to give rise to the si>ecific physiological reaction. 
By this method a fairly accurate estimatiem may be made of the 
number of dilferent microorganisms in the soil. 

Lohnis clearly demonstrated that the Hiltner and Stdrrner method 
is more exact than is the gelatin-plate method. He found that 
a soil which yielded 1,270,000 bacteria per gram by the gelatin- 
plate method, by the Hiltner and Stormer method yielded 3,750,000 
l^eptone-decomposing bacteria, 50, (KX) urea-decomposing bacteria, 
50,000 denitrifying bacteria, 7000 nitrifying bacteria, and 25 
nitrogen-fixing bacteria, making a total of 3,857,025, which is over 
three times the number obt«aine<i by the plate method. 

Defects of Plate Method. — The number of organi.sms found in soil 
by this method varies with the media used and the period elapsing 
between plating and counting. But even under the most favorable 
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conditions, the numbers are far below the number actually occurrinjj: 
in the soil. Some of the reasons for this are as follows : 

1. Even many of the peptone-decomposing bacteria fail to grow 
on the gelatin plates. This may be due to overcrowding or to the 
sudden change of conditions and the resulting osmotic disturbances. 

2. The nitrifiers do not grow on the ordinary organic laboratory 
media; moreover, they have not been found in soil in sufficient 
numbers to occur on plates dilute enough to show the more abundant 
organisms. The nitrogen-fixing organisjns— both symbiotic and 
non-symbiotic— usually o(x:ur in soil in too small a number to be 
noted by the ordinary plate method. 

3. The strict anaerobes wliich occur in soils in vast numbers do 
not grow on the gelatin plate under the ordinary conditions of 
aerobic culture. 

4. No medium yet devised resembles the soil in comi)osition and 
structure, and hence the plate does not necessarily rellect the flora 
active in the soil. Moreover, it is impossible to tell which of the 
forms developing on the plate are active and which are spores in the 
soil. 

A third method for the determination of the bact(‘ria in the soil 
is the direct microscopic count. This method, however, has not 
been used sufficiently as yet to permit a conclusion as to its relative 
value. 

Value of Bacterial Counts.— The methods for determining the 
number of bacteria in soil are admittedly faulty; yet they have the 
advantage of showing whether the number is high or low and whether 
they are increasing or decreasing. The counts show fairly accurately 
whether any given treatment of the soil has raised or lowered the 
number of bacteria in the soil. But numbers alone furnish only 
meager information, for, as pointed out b^' Hemy, the numl)er of 
colonies of aerobic soil bacteria api)caring on plates show no direct 
relationship to the ammonifying, nitrifying, or denitrifying powers 
of the corresponding soil. Lohnis is even more emphatic than Remy 
in designating mere quantitative methods as untrustworthy. lie 
points out that it is quite possible that two million very eflicient 
ammonia-producing bacteria present in 1 gram of soil will accomplish 
more work than five million less efficient ones will in another soil. 

This same principle is brought out by Chester vyhen he states 
that a soil may be low in the total number of bacteria, but contain 
such a bacterial flora, or combination of bacterial sj>ccies, which 
are known to be favorable to the rapid digestion of j)lant-food, as 
to give it what might be termed a high bacterial potential. In other 
words, he holds that we should consider not alone numbers but also 
physiological efficiency. 

Number of Bacteria in Soil.— The number of bacteria, as deter- 
mined by the plate method, in good arable soil well supplied with 

11 
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organic matter usually ranges from three to forty million. Tight, 
non-porous soils, as well as alkali and soils low in humus and 
moisture, yield low bacterial counts. ^ 

The number of microorganisms in light, sandy, very tight clay, 
desert and forest soils is usually much smaller, other things being 
equal, than in normal cultivated soils. Cultivation of soils tends 
to increase greatly the number of bacteria. The average of several 
hundred determinations made on cultivated soil of the arid regions 
gave a bacterial count of 4,452,000, whereas the average of a similar 
number of samples taken from adjoining virgin soils was 2,270,000. 

Factors Influencing Number.— Optimum moisture, organic matter 
and aeration tend to increase the number as does also the addition 
of sugar and certain antiseptics: 

Bacterial number after TjO days. 

Soil treated with antiseptics, 
Control soil. millions per gram. 


Cano sugar (p. 25 por cent.) 

. 21 

51 

Amyl alcohol (0.1 per cent.) 

. 30 

85 

Phenol (m/200 per kilo) 

. 27 

101 

Hydroquinono (m/200 per kilo) . 

. 10 

55 


There is a direct relation between the number of liacteria found 
in the soil and the quantity of organic manure added. This is 
illustrated in results obtained by the author and given in tabular 
form below. The unmanured soil is taken as 100 })er cent. 


Treatment. Fallow soil. Cropped soil. 

No manure . 100 100 

5 tons of manure 144 123 

15 tons of manure 177 129 


4'he aeration of the soil often increases manyfold the numl)er of 
bacteria, and according to Conn the greatest lUimerical increase 
occurs in the group of non-spore-forming bacteria. 

The number of bacteria found in the soil varies considerably 
with the season of the year. A very interesting phenomenon, noted 
by Conn and confirmed by Brown, was that the number of bacteria 
in soil increase on freezing. This fact is illustrated in the following 
table from the work of (’onn. In it are listed a scries of felatin- 
plate counts made from a single soil plate at intervals throughout 
the course of three years. 

During the three years over which the sampling was conducted 
the plate count of non-spore-formei*s varied from 5,000,000 to 
44,000,000 per gram, whereas the spore-forming bacteria and 
Actinomycetes varied only from 3,200,000 to 10,500,000. The 
increase which occurs during the winter is in the slow-gi;o.wing 
bacteria and not in those which liquefy gelatin rapidly or in the 
Actinomycetes. Conn tries to account for the noted phenomenon 
by assuming two groujis of bacteria — winter and summer bacteria. 
The latter, he thinks, ]>revent the former from multiplying rapidly 
in warm weather. Hence, the increase in the frozen soil is due to the 
depressing effect of the cold upon the summer bacteria. There is, 
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however, the possibility that the freezing? breaks up the clumps of 
bacteria and the noted increase is ai)parent and not reiil. Little 
relationship has been found between the moisture and cropping of a 
soil and the bacterial count. 


Date. 

Moisture 
content. 
Per cent. 

: Number of colonic.s per Kram <>f ihy 

1 soil. 

inK uacw.ria. actinomyeete.s. 

Ucmiifks. 

Nov. 24, 1911 . . 

25.0 

22,500,000 

5,500,000 


Jan. 13, 1912 . . 

40.0 

28,500,000 

7,300,000 

Frozen 8 (lay.s. 

Jan. 23, 1912 . . 

37.0 

31,000,000 

9,000,000 

Frozen IS days. 

Fob. 1.3, 1912 . . 

43.0 

11,000,000 

10,000,000 

l'’rozen 39 day.'^. 

Mar. 1. 1912 . . 

37.0 

20.500,000 

6,500,000 

Frozen 57 day.s. 

Apr. 24, 1912 . . 

23.4 

18,000,000 

1,500,000 


May 6, 1912 . . 

40.0 

20,000,000 

9,000,000 


June 5, 1912 

20.4 

19,200,000 

4,500,000 


Sept. 23, 1912 . . 

22.5 

28,500,000 

10,500,000 


Oct. 25, 1912 . 

24.5 

14,500,000 

5,500,000 


Dec. • 3, 1912 . . 

26.2 

28,500,000 

6,500.000 


Jan. 15, 1913 . , 

39.5 

14,000,000 

6,000.000 

Frozen 7 dayn. 

Feb. 5, 1913 . . 

22.0 

22,300,000 

7,700,000 

I'rozen 1 days. 

Feb. 14, 1913 . . 

26.2 

44,000,000 

10,000,000 

J'’roz(‘n 13 day.s. 

Mar. 11, 1913 . . 

38.8 

22,000,000 

7,000.000 

Partly frozen. 

Apr. 4, 1913 . . 

22.8 

19,300,000 

7.700.000 


July 10, 1913 , . 

17.0 

16,800,000 

5,200,000 


Nov. 26, 1913 . . 

21.5 

! 11,800,000 

4,200,000 


Dec. 15, 1913 . . ; 

19.6 

7,800,000 

i 3,200,000 


Jan. 16, 1914 . . 

31.2 

15,500.000 

3,500,000 

Krozen 9 <lays. 

Jan. 30, 1914 . . 

24.6 

26,000,000 

7,000,000 : 

'rhawed 1 d.ay. 

Feb. 7, 1914 . . 

27.7 

22.700.000 

1 7,300,000 i 

Partly frozen. 

Feb. 26, 1914 . 

32.0 i 

31,000,000 

7,000,000 ! 

Frozen 21 days. 

Apr. 15, 1914 . 

20.0 

1:3,700,000 

7,300,000 i 


Apr. 29, 1914 . . 

20.0 

11,800,000 ! 

4,200.000 ! 


Auf?. 7, 1914 . . 

9.0 

5,000,000 

4,000,000 


Auk. 19, 1914 . 

20.0 

18,000,000 I 

4,700,000 



The number of organisms in the soil vary greatly with the depth. 
Due to the lack of moisture and the germicidal action of light, the 
number of bacteria in the uppermost inch or two of soil is lower than 
in the layers of soil immediately below. Beyond the depth of eight 
or nine inches, the number diminish rapidly, and in humid regions 
the number below two feet is extremely low. This is illustrated by 
results reported by Chester: 


Deptli. 
2 inches 
4 inches 
6 inches 
12 inches 
18 inches 
24 inches 


Number of colonies. 

981,000 

1.032.000 

1.623.000 

73.000 

21.000 
4,000 


The conditions, however, are quite different in the arid regions 
where we have the slow formation of clay substances in the soil, 
apd, therefoi’e, the absence of the cementing substances in the soil, 
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This results in greater aeration, and hence often ideal conditions 
for bacterial growth to a great depth. Moreover, the roots in search 
for water penetrate to a great depth in the soils of the arid regions. 
This results in an aeration of the soil and the supplying of organic 
matter to bacteria at a great depth. Liprnan found the ammonify- 
ing organisms at all depths to the tenth foot and at times the nitrify- 
ing organisms to a depth of eight feet. The nitrogen-fixing organ- 
isms seldom occurred below the third or fourth foot. I have found 
great numbers of bacteria in both dry-farm and irrigated soils of 
the arid regions in the second and third foot. The average of several 
hundred such determinations is given below: 


Number of colonies. 

Depth. Irrigated soil. Dry-farm soil. 

1 foot 6,240,000 4,372,000 

2 feet . : 1,700,000 1,267,000 

3 feet 1,147,000 1,174,000 


The larger number found in the irrigated soil is due to the pres- 
ence of a better supjily of organic matter and not to the moisture 
supplied. 

Kinds of Microorganisms in Soil.— The work so far done in this 
field clearly establishes the fact that soils have a definite bacterial 
flora as do water and cheese. The work done on the soil so far is 
meager and has been carried on by a few investigators— Hiltiier and 
Stormer in (ieriiiany, and Chester, TTarding, and Conn in this 
country. By far the best and most extensive piece of work is that 
of Conn, and it is on his work that the main points of the following 
are based. 

ITiltner and Stormer fouml that normally soil contains 5 per cent, 
of liquefiers, 70 jier cent, of iion-licpiefiers, and 20 per cent. Strepto- 
thrix. The 5 per cent, liquefiers include the B. suhtilis and Ps. 
Jiuorc.scrii.s groujis. (Oiester showed that the relative abundance of 
these three groups is nearly constant in normal soil and that any 
external influence which disturbed the equilibrium of the soil flora 
would be indicated by a change in the relative abundance of these 
three groups. This conception of the soil microorganisms as being 
normally in a state of equililjrium has proved of considerable value 
in interpreting soil phenomena. 

Conn divides soil l)actcria into the following groups: 

1. Si)ore-producers 

2. N on-spore-prod ucers 

Liquefaction rapid 
Liquefaction slow or none 
Hods 

Y ellow chromogenic 
N on-chromogenic 
Cocci 

3. Actinomycetes 


‘Tlapid liquefiers” 

“Slow growers” 
Actinomycetes 
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He found the relative nuinher of these ornjjuiisiiis occiUTiii^^ in 
soils to be as follows: 

1. From 5 to 10 per eeiit. s])ore-formers (the IL suhtiHs ^roup). 
Nearly all the colonies of these bacteria, howc^x er, seem to come from 
spores instead of from active orj^anisms. 

2. Under 10 j^er cent, rajaxlly Ihpiefyin^, nmi-sporc-forminii:, 
short rods with polar flagella (j>rinci])ally Us*, jl norescens) . 

3. From 40 to 75 per cent, slowly licpiefying or non-liquefying, 
non-spore-forming, short rods. 

4. A few micrococci. In cultural characteristics these are almost 
identical with the last mentioned group. 

5. From 12 to 50 per cent. Actinomycetes. 

The most abundant spore-formers found in the soil and described 
by (Vmn were li. virgatheriuui l)e Hary, li. ini/coifirs Fliiggc, R. 
cereiis Frankland, and />. sunplcx (Jottheil. 

“B. megatherium De Bary, 1884.--'rhis sjM'cies is to be distin- 
guished from B. viycoidcs and B. cerrns by the larger ax erage size 
of its spores, by its poor growth in liquid media, its failure to grow 
in the clost'd arm of fermentation tubes of d('xt rose l)roth, and by 
its comparatively slow liqucd’action of gelatin. 

“Morphology.— Very young cultures (under twelve hours) consist 
of large rods about 1 to 1.5 g in diameter and about 3 to 6 g 
long. They often occur in chains with connecting threads be- 
tween the rods, resembling strings of sausages. In ohler cultures 
the rods generally become swollen and are som(‘times full of highly 
refractive globules (fat drops?). One of the most distinctive 
characteristics is the presence in cultures a day or more old of 
large ovoid bodies about 2 by 4 g in size, which s(Han to have 
heavy walls and stain much more lightly than the young rods. 
Only the young rods are motile, and they are not \ igorously so. 
The flagella are difficult to stain, and the best }>rc])arations made 
show comparatively few flagella on each rod. Spores are formed in 
the center of the rods and immediately become free from all trace of 
the sporangium wall. They are oval to ovoid (or occasionally 
reniform) and vary considerably in size, from 1.3 to 2 g in diameter 
and from 1.5 to 3g in length, both extremes often occurring in the 
same preparation. 

“Cultural Characteristics.- Growth in broth llocculent or none, 
with no surface growth. Gelatin colonies under lU mm. in diameter, 
center white, opaque, flocculent or granular, surrounded by a clear 
liquefied zone. Growth on agar streak cultures smooth , soft, glisten- 
ing, cream-color, typically wqth minute drop-like areas of lighter 
color. 

“Physiology.— The typical group number is 13. 111. 44420 ?4. As 
indicated by this group number, there is Ordinarily no growth in 
sugar and glycerin broths. This does not mean, however, that no 



166 


THE SOIL FLORA 


acid is produced from sugar or glycerin. Some cultures, have pro- 
duced growth and have acidified one or even all of the sugars. This 
suggests that the irregularity may be due to the poor growth in 
liquids, tested on slants” of litmus agar, in fact, U. megatherium 
has been found to produce acid from dextrose and sucrose quite 
regularly. Similarly, its poor growth in broth raises a doubt as to 
whether the second figure of its group number (denoting it to be a 
strict aerobe) may be correct; for it grows so poorly even in tlui open 
arm of a fermentation tube that its failure to grow in the closed arm 
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Fid. 24. — H. megatherium. X 1000 diametor.s. (After Conn) 

docs not necessarily prove its inability to grow in the absence of 
oxygen. It is also possible that its failure to reduce nitrates may 
be due merely to the fact that it grows poorly in nitrate broth. 

“B. mycoides Fliigge, 1886. — This is the most easily recognized of 
all the soil bacteria. It can readily be distinguished by its rhizoid 
growth on agar. 

“Morphology.— Young cultures consist of rods about 0.8 to 1.3 by 
2 to 0 fjL. They occur in long chains which often lie parallel and 
show false branching, an arrangement which gives the colonies 
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Fio. 25. — B. mycoides. X 1000 diameters. 


(After Conn) 


their rhizoid structure. The very young rods are apparently 
slightly motile, but no success has been obtained in staining flagella. 
Gottheil describes several peritrichic flagella. In older cultures, 
highly refractive globules that do not take ordinary stains (probably 
fat drops) appear within the rods, particularly if growing on dex- 
trose agar, sometimes causing the rods to swell to extremely large 
size and to lose all resemblance to their original form. The lightly 
stained ovoid bodies that characterize B. megatherium have never 
been obserV-ed. Spores are borne centrally and the remnants of the 
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sporangium wall persist for some little time at either end of the 
spores. Spores arc oval to cylindrical 1.0 to l.() by 2 to 2.5 /x often 
in fairly long chains. 

“Cultural Characteristics. -(irowth in broth vigorous, flocculent, 
with no persistent surface growth, (lelatin colonies rapidly liquefy- 
ing, filamentous to rhizoid. Growth on agar streak rhizoid, mostly 
beneath the surface of the medium. 

“physiology.— The typical group number is 11. 121.23230?2. It 
shows less variation than does tlie group number of B. megatherium ^ 
probably because mycoides grows better in the media used for 
making the tests. The same acid reactions are obtained in broth 
culture and on litmus agar. 

“B. cereus Frankland, 1887. -This type can be distinguished 
from B. megatherium by the smaller size of its spores and by its 
more vigorous growth in liquid media, and from B. mycoides by the 
absence of rhizoid growth on agar. 
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Fio, 20. — B. ccreua. X 1000 diameters. (After ( 'orm) 


“Morphology.— In morphology it is scarcely to be distinguished 
from B. mycoides. Young rods are 0.8 to 1.3 l)y 2. to 6^ fonn- 
ing long chains, but unlike B. mycoides they are very actively 
motile and are easily shown to be surrounded with numerous flagella. 
Older rods are often swollen and contain unstained globules. Oval 
to cylindrical spores, 1.2 to 1.6 by 2. to 2.5 /u, are produced cen- 
trally, retain the remnants of the sporangium wall for a short time 
and often cling together in chains. 

“Cultural Characteristics.— Growth in broth vigorous, with uniform 
turbidity, sediment and a surface pellicle. Gelatin colonies quite 
large, ordinarily round, with entire margin, and covered with a 
pellicle that generally shows concentric rings, although Under some 
conditions the colonies are filamentous and resemble those of B, 
mycoides. Growth on agar streak raised, ordinarily rugose, soft 
to membranous, generally dull; never rhizoid or beneath the surface 
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of the medimn like B. mycoides or full of clear drop-like areas like 
B. inegatherimn . 

“Physiology.— The typical ^roup mmiber is the same' as tliat for 
B. mycoides, B. 121.23230?2, although considerable variation has 
been observed, particularly in the production of acid from sugars 
and from glycerin. In the earlier work, two subtypes were recog- 
nized, basing the distinction upon tlie production of acid from 
glycerin; but no such distinction is now recognized, because o£ the 
inconsistent results obtained in regard to acid produ(.*tit)n. 1 )extrose 
is always acidified by this organism; sucrose is generally acidified; 
glycerin less frequently, and lactose V(‘ry seldom, A strain that 
acidifies lactose has always been found to ])roduce acid from all 
three of the other compounds. The pnxluction of acid from lactose 
may be a bettcu' basis for subdividing tlie tyj)c than acid-j)roduction 
from glycerin. Out of 130 cultures studitxl, 10 acidified lactose; 
but it seems unwise to conskh'r them as constituting a sei>arate 
species, in view of the variation that has been found when cultures 
have been retested. 

“Although many of tlie spore-formers are active ammonifiers in 
solution and occur in soils in comparatively large numbers, yet 
it is doubtful if they play any very important role in soil fertility. 

“Although of considerable importance, exCe])t for the nitrifiers and 
some other organisms concerned with the transformation of nitrogen, 
scant consifleration has been given to any non-si)ore-forming bac- 
teria found in soil.” 

Ps. fluorescens which belongs to this groui) is described by Conn 
as follows: 

“Ps. fluorescens (Flugge) Migula.— The most striking character- 
istic of this type is its fluorescence, which is observed in broth, 
beef-extract-pej)tone agar, and .sometimes in gelatin. Ability to 
produce fluorescence is often lost, however, and then the type must 
be recognized by other charlicteristics, such as rapid liquefaction 
of gelatin, uniform turbidity in broth, cloudy, structureless colony 
in gelatin, and acid production from dextrose. 

“Morphology.— Hods 0.4 to 0.8 by 0.8 to 1.5 microns in old cultures 
nearly the same shape and size as in young cultures. Flagella 3 to 
6, arranged in a clump at one pole. Motility great. Rods do not 
form chains. 

‘ ‘ Cultural Characteristics. — G ood growth in broth ; no surface growth, 
uniforip turbidity, causing distinct cloudiness of medium; sediment 
scant or none. Gelatin colonies liquefying with great rapidity; 
round to irregular in shape, cloudy, structureless, occasionally 
fluorescent. Growth on agar streak cultures, smooth, soft, glistening 
generally causing the medium to show a green fluorescence. 

“Physiology.— The typical group number is Ps. 211.2332133. 
Fairly consistent results can be obtained in determining its group 
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number, althougli certain variations occur. ()(;casionalIy there is 
no acid from dextrose. Some of the cultur(‘S n'dnee nitrates. TIu' 
])Ower of ])roducing fluorescence is often lost. Tliese variations may 
indicate the existence of s(^‘i)arate species that are now grou})e(l 
under this one head.” 

Actinomyces from 12 to 50 per cent, of the organisms found in 
soil arc the Actinomycctes. This genus, the Actinoiiii/ces Ifarz, em. 
(iasperini, is characterized by the possession of a mycelium composed 
of hyi)h5e which show true branching, like those of the liigh(‘r fungi 
(seldom measuring over 2 microns in diameter), and judging by 
their staining reactions resemble true bacteria in tlieir i)rotoplasmie 
properties. Their growth is not wholly within the agar or gelatin 
medium upon wliicli they have been inoculated; for when condi- 
tions favor, an aerial mycelium is produced. In the aerial mycelium 
“conidia” are formed. These conidia are sometimes rouiKl, some- 
times oval, and sometimes rod-shaped, 'rhey reseml)le bacteria 
closely in size, shape, and staining ])ro])erties. fl'liey are giaierally 
between 0.6 and 1.5 microns in diameter, and if oval or rod-shaped, 
between 1 and 2 microns long. They stain readily with ordinary 
bacterial stains, and in a mieroscopie preparation whi(di does not 
contain any hyplue, often cannot be distinguished from true bac- 
teria. In many cases deep-stained granules show at the i)oles, 
strongly suggestive of the metacliromatie granules of th(‘ diphtheria 
organism. ‘ According to Sanfeliec, some of the aetinomyeetes are 
acid-fast like the tubercle organism. The diphtheria and tul)ercle 
organisms, moreover, sometimes i)roduce branching forms, and some 
writers place these two organisms in the same group with Actino- 
myces. 

The growth of aetinomyeetes on solid media is very characteristic. 
The mass of growth is generally of a tough, leathery consistency, 
sometimes smooth, sometimes wrinkled, and often piled liigh above 
the surface of the medium. Often the mass is brilliantly col- 
ored, and the color produced varies gteatly with differences in the 
composition of the medium, but with constant composition of the 
medium, the color of the growth may be characteristic of the species. 
The aerial mycelium, often produced above tflis growth, may also 
be brilliantly colored and of an entirely different color from the mass 
of growth beneath it. Sometimes the aerial hyphie are sliort and 
give the growth a chalky or mildewy apj)earance; but often they are 
long enough to cover the growth with a light, delicate nap, I or 2 mm. 
thick. Some species produce pigments that diffuse through the 
medium, coloring it gray, yellow, brown, red, blue, or green. The 
color varies with the species and with the composition of the medium. 
It is not so definitely characteristic of the species as is the color of 
the growth itself or of the aerial mycelium; but with a medium of 
constant composition, the color produced is of considerable value 
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in the rccojijnition of spet'ics. On gelatin there is less diversity of 
growth than on agar. ^Llie growth is generally gray, brown, or 
colorless; the aerial inyeeliuin is often lacking, and if present is 
white, gray, or colorless; and if the inediiiTn itself is colored, it 
generally becomes a reddish brown. 

The growth in liquid media is also characteristic. The medium 
remains clear except for small colonies that may sink to the bottom, 
remain in suspension, float on the surface, or adhere to the walls 
of the tube. '^Fhe surface colonies often grow together and become 
covered with a mass of aerial mycelium, sometimes forming a firm, 
wrinkled membrane that strongly suggests the surfa(‘e membrane 
of the tubercle organism growing on broth. Pigments are often 
produced in liquid culture, the pigment varying with the composition 
of the medium and with the species growing in it. 

Nearly all liquefy gelatin and aniinonify proteid, Miinter main- 
taning that arnmonification is their chief function. Nitrate reduc- 
tion has often l)een observed, as has the decomposition of cellulose. 
Some are animal pathogens, and at least one a plant pathogen. 
Other important physiological activities will undoubtedly be worked 
out when the technic for studying them is further developed. It 
is not impossible that they are as diverse in physiology as are the 
true bacteria. 

One of the most common characteristics of many mtanbers of this 
group is their |Xiculiar odor. They have a pungent, musty odor, 
difficult to describe, but impossible to mistake after once having it 
brought to the attention. It is sometimes spoken of as an earthy 
odor, but it would be more correct to say that soil often has an 
actinomyces-odor, as the odor of the cultures is much stronger than 
that of soil, and the soil odor is undoubtedly due to the actinomy- 
cetes it contains. The odor seems to be associated with the aerial 
conidia, and does not seem to be produc^ed by cultures that do not 
possess aerial mycelium. Not all si)ecies of Actinomycefi have this 
odor, however, even when an abundant aerial mycelium is produced. 

Various functions have been ascribed to the actiiioinycetes— 
ammonification, nitrate reduction, and cellulose-decomposition — but 
enough work has not been done to enable a definite statement as 
to whether these are their functions in the soil. Conn has demon- 
strated that the addition of grass roots to a soil materially increases 
this group of organisms and Waksman and coworkers consider 
that inasmuch as the actinomyccs are strong cellulose decomposers 
and weak producers of ammonia their probable role in soil fertility 
lies in the formation of humus. 
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MINERALIZATION AND SOLVENT AOTION OF 
BACTERIA. 

Soils are the earthy material in which plants have their anchorage, 
and from which they obtain their water and i>art of their food. 
They are in reality disintegrated rock intimately mixed throughout 
with varying quantities of decaying plant and animal residues. 
I hey are derived from the native rocks by a com[)lex process known 
as weathering. The agents at work to bring this about are changes 
of temptoture, the action of air, water, ice, and plant and animal 
life. 

Bacteria as Soil Formers. —Early in the history of soil formation 
bacteria appear and play an essential part in remdering the soil 
fertile. Their life activities result in the production of carbon 
dioxid, organic and inorganic acids, and alkalies. These in turn 
react with the constituents of the rock i>articles, thereby changing 
their solubility. When water becomes charged with substances 
from the soil, its solvent powers are greatly increased. Especially 
is this true when it becomes filled witli carbon dioxid cither from the 
atmosphere or from the decay of plants and aninuds. 

Common limestone is one of the rocks most actively attacked by 
carbonated water; none are wholly resistant to its action. Even 
quartz is slowly dissolved. Granite and related rock are rather 
quickly acted on by water due to the feldspar minerals which it 
contains. The bases— potash, soda, lime, and alumina— are 
dissolved out. The last is deposited as clay, the first as beneficial 
or injurious soil constituents, depending on the kind and the con- 
centration left in a particular soil. In a similar manner the sulphur, 
iron, and phosphorus of the soil are changed to available forms. 

Moreover, bacteria play a very important part in the mineraliza- 
tion of plant and animal residues which continually find their way 
into the soil. The phosphorus, sulphur, iron, calcium, magnesium, 
and potassium in the plants and animals arc mainly in the form of 
oi:ganic compounds and as such are not available to other plants. 
Bacteria act upon them, liberating carbon dioxid, ammonia, hydrogen . 
sulphid or sulphur with the liberation of the plant-food. In this 
manner, the biological activities become of the utmost importance in 
the transformation and migration of mineral substances in Nature. 
The bacteria act merely as the link between the living and the dead. 
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Calcium and mai^nesiiim occur in soils mainfy as carbonate, sul- 
phate, silicate, and as the cation in the salts of organic acids which 
have resulted during the breaking down of the organic plant and 
animal residues. 

Soil bacteria in their life processes are continually forming large 
quantities of carbon dioxid, nitrous, nitric, and sulphuric acid, 
together with organic acids which are in the main combined with 
calcium or magnesium of the soil, with the formation, often, of a 
soluble compound. The waters carry these to the lakes, seas, and 
oceans— there to be taken up by marine life. In the course of time 
these are deposited as coral reefs, chalk cliffs, and marl beds. At 
times the speed with which the lime is taken from the waters by 
marine life is faster than it is carried into a lake by its tributaries. 
The result is that, in spite of the evaporation and concentration 
which is going on, the main body of water contains less lime than 
does its tributaries. This is the case with Bear Lake, Utah, the 
tributaries of which have an average lime content of 101.7 parts 
per million, whereas the lake contains only 13.2 parts per million. 

Calcium Carbonate. -The loss of calcium carbonate from a soil 
varies with (1) the methods of agriculture, intense methods increas- 
ing the loss; (2) with the application of animal manures and green 
manures, which inc*reascs the bacterial activity and also the solubility 
of the calcium carbomitc; (3) with the addition of commercial fertil- 
izers added to a soil which hasten the loss of calcium in drainage 
water. 

The car})on dioxid generated by bacteria reacts with the calcium 
carbonate forming the much more soluble calcium bicarbonate: 
or 

C^aCOa + CAh + H,0 = C’aCHCOs)-- 

Ammonium sulphate resulting either from ammonification or from 
the addition of a fertilizer changes the calcium from an insoluble 
to a soluble form: 

(NH 4 ) 2 S 04 + 2CaC03 4- 4 O 2 = Ca(N03)2 + CaS 04 + 4 H 2 O + 2COj 
(NH 4 ) 2 S 04 + CaCOa = (NIl4)2C03 + CaS04 

The addition of acid phosjffiate or potassium chlorid also helps 
deplete the soil of its calcium carbonate: 

CaH4(P04)2 + 2CaC03 = Cas(P04)2 + 2 H 2 O + 2 CO 2 
2 KCl + CaCO* = K2CO3 + CaCl 2 

The absolute amount of calcium and magnesium lost from a soil 
varies with the aridity of a region as well as with the composition 
of the soil. Hall estimates that the annual Joss from the Rotham- 
sted soil, which contains about 3 per cent, of calcium carbonate, is 
from 800 to 1000 pounds an acre annually, whereas in some parts 
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of Scotland, where liming has been practised for some time, the loss 
is from 500 to 600 pounds. 1 n this eountry, where' liming is necessary, 
the farmers usually provide for a loss of 400 ])ouiids mi acre annually. 

Bacteria arc also responsible for the' Jcstoration of varying 
amounts of carbonates. Tn the weathering of eonpih'x silicates, 
carbonates and silicic aeiel may be formed in considerable (juantities: 

CaAhSizOg y r02 + 2H/) - Al^SioO^OIpi -1 ( 'a( ’(),■, 

According to Nadson, soil bacteria may cause the formation of 
calcium carbonate from calcium sulphate through the reacting of 
ammonium carbonate formed in tlu' (h'cay of ])rot(an substances 
with calcium sulphate: 

(Nir4)2C03 4- Ca804 = (Nn4)28()4 f CaCO, 

Or even after the sulphate has lost its oxygen through the action of 
reducing bacteria, calcium carbonate may be formed through the 
action of carbon dioxid and water on the ealciinn sulphid: 

C'aS -f- f’Os + H2O - CmCOs i 11 28 

Denitrifying bacteria may act on calcium nitrate with the forma- 
tion of calcium carbonate: 

2ra(N03)2 + 2 CO 2 -> 2(’aC03 + 2 N 2 I r,(h 

Calcium carbonate may also be formed in the soil due to the 
action of bacteria upon humates .and calcium salts of simi)l('r organic 
.acids: 

(KC()0)2('a - CaCOs } 

Cunningham has demonstrated that AzoUthadcr chroococcum 
cap.able of growing in solution of ealcium oxalate with the formation 
of calcium carbonate, as were also six othc'r t>p('s of organisms 
isolated by him. The presence of oxygen is ess(‘ntial for the process. 
He considers that an equilibrium is set u}> bv’ which the withdrawal 
of calcium carbonate is bal.anced by the results of another set of 
reactions which restores the base to the soil. I'liis enables many 
soils which contain only very small quantities of lime to rebaiii their 
neutral reaction and so to produce fair crojis. 44iis, however, is not 
always the case, as is witnes.sed lyy the acid soils o(‘curring in many 
agricultural districts. 

Phosphorus.— Phosphorus occurs mainly in tlu' form of the calcium , 
iron, or aluminum phosphate; in any soil the ijuantity soluble is 
small. Moreover, as soluble phosphorus compounds are applied to 
the soil they become fixed as insoluble conq^ounds. Hence, the loss 
through leaching of this element from the soil is small under any 
conditions. 
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There are also varying amounts of or^ranic pliosphorus in soil. 
This occurs in the form of lecithin, phospho-])roteins, and nucleo- 
proteins. Little has been doiu‘ to detennine the action of bacteria 
upon these compounds, but it is to be expected that they would be 
hydrolyzed by bacteria as they arc by ferments. 

Lecithin yields on hydrolysis glycerin, two molecules of fatty 
acid, phosphoric acid, and cholin: 

C42U84NPO9 “h 4II2O = Cl8lT3402 -p Oi«ir 3202 -j- CslfgOj -p 
lecithin water oleic acid palmitic acid glycerol 

II3PO4 -P CtHi6N02 
phosphoric acid cholin 

The phospho-proteins yield on hydrolysis amino-acids and phos- 
phoric acid, whereas hydrolytic cleavage produces from nu(.‘leo- 
proteins carbohydrates, phosphoric acid, purin and pyrimidin bases, 
with the intermediate formation of nucleins and nucleic acid, as 
may be represented by the following scheme: 


proteins 
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Schcttenhelm has shown that netirly all of the nuclein sul)stances 
of feces disai)pear as they undergo autoputrefaction. He and 
Schroeter showed that bacteria may bring about a deep cleavage of 
yeast nucleic acid. IMenge showed that some bacteria have the 
power to liquefy the sodium salt of nucleic acid from thymus. 

It seems reasonable, therefore, to believe that phosidiorus would 
be liberated by soil bacteria in a somewhat similar manner. It is 
known that the l)acterial flora of the soil play a higlily important 
role in rendering the phosphorus of the inorganic phosphates avail- 
able to the higher plant. 

Brown found that twelve out of twenty-three bacteria isolated 
from soil exerted a definite solvent action on difficultly soluble 
plant-food. One organism which produced no gas but a large 
amount of acid showed the greatest solvent action upon calcium 
carbonate, whereas other organisms which produced gas— largely 
carbon dioxid— but not as much acid as the former, gave an action 
more marked than that of the stronger acid-producer upon the 
dicalcium and tricalcium phosphates. B. B, inycoides, 

B. prote/us vulgaris, and B. coli communis, as well as several agar 
cultures from giyden soil, were found to be capable of dissolving 
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the phosphates of hone and to a less extent that of mineral phos- 
phates. The ^rreatest solvent aetion was exerted in nunlia contain- 
ing^ sodium ehlorid, potassium sulphate, and ferrous sulphate. Even 
yeast may be important in dissolving }>lios]>hates. As sug^^ested 
by Krober tlie life activity of the l)acteria, that is, assimilation of 
phosphorus by the living organism,. i)robably phiys little or no direct 
part in dissolving the phosphates, but it is due to the action of the 
organic acids and of the carbon dioxid produced. 

The acids produced by ba(;teria act u])on all ])hos])hatcs, convert- 
ing them into the soluble monophosphate, but the rate of solution 
varies widely with the different ])hosphates. Tricalcium |)hosphate 
in precipitated form, dicalcium phosphate, and tetracalcium phos- 
phate of Thomas slag are much more rapidlx' dissolved than the 
crystalline or the so-called amor])hous ]>hospliates. The general 
reaction is as follows: 

2R(:OOH + Ca3(P04)a->Cu2H2(P()4)2 -j- (RC()0)2ra 

Tl^je reaction takes place most ra])idly in soils containing large 
(luantities of organic matter due to the active fermentation taking 
place in such soils. 

. Grazia considers enzyme action to ])lay a part in the dissolving 
of phos}>hates in soil, for he found the addition of chloroform to a 
soil reduced bacterial activiG' and decreased the acid produced, but 
at the same time the solution of phosphates was increased. This is 
in keeping with the finding of Bychiklin. 

The presence of ammonium chloride and sulphate? in the cidtural 
media is especially effective in increasing the solvent action of 
bacteria, according- to Perotti, who considers the successive steps, 
in the solution or decomposition of j)hosphorus comjxamds by 
bacteria as follows: (1) generation of acids, (2) secondary reactions 
in the solution, and (3) production of a soluble phosphorus contain- 
ing organic substance. The first two of these are the result of 
the activity of the bacteria on the phosphorus, and tlie last is due 
to the metabolic assimilation of the microorganisms. 

The oxidation of sulphur by soil bficteria may at times generate 
sufficient acid to play a very important role in dissolving soil pho.s- 
phorus. Hopkins and Whiting, however, consider that the nitrite 
bacteria are of the first importance in rendering phos])horus and 
calcium soluble when they oxidize ammonia into nitrites: 

(NHOsCOs + 302 = 2HNO2 P mCOz + 2II2O 

The resulting nitrous acid then reacts with the raw rock phosphate, 
rendering it soluble, thus: 


Ca3(P04)2 + ■ 4IINO2 


Call4(P(-)4)L- + 2(^i(NO.;)2 
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The actual ratio found showed that about one pound of phos- 
phorus and about two pounds of calcium are made soluble for each 
pound of nitrogen oxidized, aside from the action of the acid radicij-ls 
associated with the ammonia. The carbonic acid would play an 
important part also in this reaction: 

4H2CO3 h Ca3(P04)2 = 2Ca(HC03)2 + CaHiCPOi), 

They found that neither ammonia-producing bacteria nor nitrate 
bacteria liberated appreciable (piantities of solul)Ic phosphorus from 
insoluble phosphates. 

Whereas this would rt'adily occur in soil poor in calcium carbonate, 
in those rich in calcium carbonate there would be only small quanti- 
ties of phosphorus liberated, according to Kelley. Jlut where the 
soluble phosphorus is being rapidly removed by the growing plant, 
or even by bacteria, there is little doubt that the various soil organ- 
isms play an im])ortant part in rendering phospliorus soluble, for 
results obtained at the Utah Experiment Station show there to be a 
relationship between the increased nitrification produced by various 
salts, and the quantity of water-soluble and organic phosphorus in 
the soil, dliis is illustrated by the following results which give the 
nitric nitrogen, water-soluble and organic phosphorus in a soil after 
various treatments, the untreated soil being considered as 100 per 
cent. 


PPIi CENT. NITKIC NITROGEN WATER SOLEPLE AND ORGANIC PHOS- 
PHORUS OCCURRING IN SOIL RECEIVING VARIOUS SALTS. 



Nitric 

Water- 

soluble 

Organic 


nitrogen. 

phosphorus. 

phosphorus. 

Treatnicnl. 

Per cent. 

Per cent. 

Per cent. 

None 

. . 100.0 

100.0 

100.0 

.'H2 X 10 7 uu)l. MgSO^ . 

. . 101.2 

105.2 

111.6 

20 X 10-7 inol. Fo2(S04)3 

. . 102.0 

04.3 

142.3 

02r> X m 7 mol. CjiCNOa)^ 

. . 102.0 

114.3 

97.5 

150 X 10-7 jnol. KNOs 

. . 106.4 

108. 1 

103.3 

025 X ia-7 mol. KCl . 

. . 106.5 

105.8 

107.3 

312 X 10 7 mol. Mg(N03)2 

. . 106.5 

115.5 

95.1 

125 X KPe mol. MnCO* . 

. . 108.4 

107.5 

162.6 

156 X 10-7 mol. M 11 CI 2 

. . 112.9 

100.2 

98.4 

78 X IO --7 mol. MnS 04 • 

. . 113.2 

94.3 

107.9 

13 X 10-4 mol. FeCO» . 

. . 117.4 

105.6 

94.8 

25 X 10- 4 mol. MgCL 

. . 123.2 

109.7 

96.5 

625 X 10 7 mol. Mn(N08)2 

. . 125.4 

84.8 

87.9 

84 X 10-4 mol. FeCls 

. . 128.3 

105.6 

94.8 

25 X 10 -4 mol. MgCOs . 

. . 140.7 

98.2 

72.2 

1 X la 8 mol. NtR'l 

. . 142.0 

109.3 

138.7 

1 X 10-8 mol. CaCL 

. . 167.2 

114.9 

88.2 

2 X 1^ 3 mol. CaS(>4 

. . 196.7 

73.5 

103.3 


Moreovjpr, it is evident that Azotohacter in their metabolism trans- 
form soluble inorganic soil constituents either into soluble or into 
insoluble organic forms. This is especially true of phosphorus which 
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Is found in th(‘ ash of these organisms in such largt* (juaiititi(‘s. 'riie 
phosphorus, on the death of the organism, would Ix' returned to the 
soil in a readily availalde form, for Stoklasa has fouiel that 50 ])er 
cent, of the nitrogen of these organisms is nitrified within six weeks, 
and there is no reason for believing that the phos]>horus would be 
liberated much more slowly. Then then* is tlu; ])ossil)ility that many 
of the constituents of the bacterial cell may Ix'coim* available, 
through the action of autolytic eii/.yraes without the intervention 
of other l)actcria. 

It is further evident that an organism which possesses the ])ower, 
wh('n growing under aj)})ropriate conditions, of generating 1.5 times 
its own body weight in carbon dioxid during twenty-four hours, as 
does the Azotobader, must greatly change the composition of the 
media in which it is growing. Water charged with carbon dioxid 
is a universal solvent and will attack even ordinary (|iiartz rock. 
(Jranite and rocks related to it are rather quickly attacked, with the 
liberation of potassium and other elements. (!arbonat(Hl water 
would act upon the tricalcium ])hosphate of the soil with the forma- 
tion of more readily soluble phosphates, for this substance is four 
times as solul)le in water charged with carbon dioxid as it is in jmre 
water: 

+ UCO, |- 2!fX) = ( >•):; 

Moreover, the nitrogen-fixing organisms form, among other 
products, formic, acetic, lactic, butyric, and other acids. The kind 
and quantity of each depends u})oii tiu* s])eeific organisms and upon 
the substance on which they are acting. These substanecs are sure 
to come in contact with some insoluble plant-food which may be 
rendered soluble, for they have a highly solvent action on the 
insoluble ])hosphat(‘s. The resulting salts of calcium would be 
further attacked by l)aet(;ria, with the formation nl calcium car- 
bonate. 

Whether these ])rocesses will give rise to an increase in the water- 
vSoluble plant-food of the soil depends iqMm wh(‘ther the ])ro(luets 
of the st'cond, the analytic reactions, exceed th(‘ products ot the 
first, the synthetic reactions. It must not be lorgottcm that, 
although many of the organic phosphorus constituents imiy not be 
soluble in i>ure water, they may be more availal>le to tin* living ])lant 
than are the constituents from which they wen* at first deri\X‘d 
through bact(Tial activity. 

This being the case, variations in the results r(‘])orted from 
laboratory tests are to be exi.ected. Stoklasa found that bacterial 
activity rendered the phosphorus ot the soil more soluble, whereas 
Severin, in his early work, found the opposite to be true. Others 
have found that the solvent action of bacteria for insoluble phos- 
phates is in direct proportion to the acid secreted by the organism. 

12 
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In a later work, Scveriii obtained difTerent results. lie used three 
soils— one sterile, a second sterilized and inoculated with i)ure 
cultures of Azotohacter, and a third sterilized and inoculated with 
cultures of Ps. radkdcola and Azotohacter. dlie solubility of the 
phosphorus increased 8 to 14 per cent, over that in the sterile soil. 
Th(' acid-prod ucin^i: organisms, due to the acid secreted and their 
intimate contact with the soil ])articles, possess the power of dissolv- 
ing silicates. Moreover, arsenic greatly stimulates nitrogen fixa- 
tion, and there is a relationship between this increased bacterial 
activity and the form and quantity of ]>hos})liorus found in a soil. 

Although the metabolic activiU’ of Azotohacter gives rise to large 
quantities of })hosphate solvents, yet these organisms transform 
phosi)horus into organic ])hosphorus comjmunds less rapidly than 
do the ammoni tiers. 41iere arc, however, cases in which bacterial 
activity has decreased the water-soluble phos]>horus of the soil and 
of raw rock phosphate. This does not mean, however, that it is 
less available, for, as ]>ointcd out by Truog, the mixing of floats with 
manure caused an immediate decrease in the solubility of the phos- 
phorus in 0.2 per cent, citric acid solution, yet when thoroughly 
mixed with the feeding area of the soil its availability Avas increased 
to such an extent that some s]>ecies of plants were apparently al)le 
to S('cure almost an adcnpiate supply of phosphorus from this 
material. Th(! addition of maniirt' to a soil greatly increased the 
carbon-dioxid production, and fora short time measurably increased 
the solvent action on floats. Where there is for a time a decrease 
of water-soluble ])hosphorus in fermenting media, it is probably due 
to the formation of phospho-proteins within the bodies of the 
bacteria which would later be rendered soluble due either to further 
bacterial activity or to autolytic enzymes. 

Sulphur.- -Sulphur is an essential element for all plants, but the 
quantity recpiired is relatively small and most soils contain sufheient 
for maximum croji production. It occurs within the soil mainly as 
sulphate or organic sulphur, and these substances are often materially 
changed by bacterial activity. 

Bacteria act on sulphur comjxninds in three ways: (1) on complex 
organic compounds with the production of hydrogen sulphid or 
mercaptans, (2) the oxidation of sulphur compounds occurring in the 
soil, and (8) the oxidation of sulphur compounds, especially hydrogen 
sulphid by the true sulphur bacteria, with the production of metallic 
sulphur, sulphuric acid, and eventually mineral sulphates. 

Hydrogen sulphid is produced by the majority of the common 
laboratory forms of bacteria. Lafar states that this faculty is even 
very common among the pathogenic bacteria and was absent in not a 
single one of 87 species examined. Other bacteria possess the 
power of reducing sulphates. Beijerinck found injsoil an organism 
which he named S'pirillwn desiilphitricans and which Van I)elden 
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Isiter classified as Micwspira desulphuricam which ]>()ssess(‘d the 
power of reducing siilpliatcs. Another sulpliate-reducing organism 
is Msp aestuarii. These organisms act only in tlie j>resencc of 
organic matter: 

M 8 O 4 + 2C -- 2 ('()n I MS 

The true sulphur bacteria possess a directly op]>osite ])hysi()logical 
action to the reducing bacteria. There are two genera of the 
true sulphur bacteria recognized - BeAjfjiatoa'Aml Thiotfirix. Begfiia- 
toa is filamentous, motile, and morphologically rescmhlcs the blue- 
green alga, Oscillaria. Thiothrix is not filamentous nor motile and 
possesses a slusith and forms spores. M'Ik' sulphur liacteria contain 
in their protoi>lasin highly refracti ve inclusions of amorphous sulphur. 
According to Winogradsky, a single Beggiatoa thread used in a day 
two to four times their own wcaght of hydrogem sul})hid v ith the 
production of sulphur: 

4 H 2 .S 4 20i - lUiO I IS 

The sulphur S(;en within the cell j)rotoplasm is to be look(‘d u]>on as 
an intermediate state in the oxidation process, for if the organisms be 
transferred to fresh water these soon disap]>ear with the formation 
of sulphuric acid: 

2S + .JO 2 + 2Ha) = 2H2S(n 

This reacts with a ba.se, usually calcium carbonate, with the forma- 
tion of calcium sulphate: 

(uCOa I flsSCU - (asen 1 1 (’();. 

There arejilso organisms in soil that can oxidize sulphur to sulphuric 
acid which in turn would act as a solvent for plant-food. i\l orcover, 
small quantities of sulphur added to a. soil will increase amnionifica- 
tion. Tt is likely that much of the benefit resulting from sulphur 
fertilization is due to these factors. 

Brown has recently shown the power of oxidizing sul})hur to \ ary 
with different soils. Aeration and optimum moisture favor it, 
whereas the addition of carbohydrates, depresses the process, lie has 
elaborated a method of mea.suring the speed of sulphur oxidation in 
.soils and given to it the name of sulphofication. 

According to Lafar, the importance of the sulphur bacteria in the 
(‘conomy of nature is unmistakable. J n codjHTation with the sulphate- 
reducing bacteria they in.sure that the sulphur cycle pursinxs an un- 
interrupted course, the elements being taken up liy the higher jikints 
in the condition of sulphates and depo.sited in the cells in the torin of 
organic comj)ounds from which, in the course of putrefaction, sulphur 
is liberated as hydrogen sulphid,and finally reconverted into sulphates 
by the sulphur bacteria. It then recommences its course through the 
higher plants. 
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Iron. The iron bacteria resemble the sulphur bacteria greatly in 
their metabolic activity. The best known of these organisms arc 
the Crcn/)thrix polyspora, Chlamydothrix orhmcea, and Spiwphyllum 
fcrru(jmcum. Winogradsky considers that the iron is de]30sited in the 
sheath of the organisms due to a physiological reaction, the organ- 
isms oxidizing ferrous to ferric compounds: 

4FeC();, + + (h. - 2F<*,(()II)r, + 4('()n 

The energy so liberated is utilized in their growth. However, the 
inv('stigations of Molisch, Adler, and Ellis show that tlu'y grow well 
in a medium devoid of iron and that tlu^ precipitation of the iron is 
due to chemical and mechanical processes independent of the physio- 
logical activity of the organism. They ]>lay a great part in the 
de]K)sition of bog-iron, though not the only cause, for Molisch con- 
siders that well-known physio-chemical agencies often play an 
important part in the process. Manganese may at times l)e found 
in the sheath of Crmothrix, in large (piantities. 

Potassium. — This element is rec|nired by all jjiants in compara- 
tively large quantities, and the total sui)pl\' in nearly all soils is 
exceedingly large as compared to cro]) requirements. Yet potas- 
sium is quite extensively used as a fertilizer, and this with l)eneficial 
results. This is due to the fact that its addition to a soil well 
supplied with available ])otassiuin results in the' liberation of other 
more deficient plant-foo(l elements. Moreover, it may be applied to 
soils having a large quantity of total potassium, but a small quantity 
available to plants. Therefore, one of the problems which is con- 
fronting the farmer is how to render available as needed by plants 
the large supply of }>otassium in the soil. 

The potassium occurs in the soil mainly as silicates and is rendered 
soluble by the nitrous, nitric, sulphuric, acetic, lactic, and butyric 
acids, and by carbon dioxid. The last may react with inert potas- 
sium resulting in the formation of available potassium according to 
the following equation: 

AhOaK-O. CiSiO- + CO2 + 2H2O = AhOa 2 Ri ()2 + 2H2O + 

KoCOa A 4Si02 

Hence, the addition of animal manure, green manures, com- 
mercial fertilizers, or even soil amendments may increase bacterial 
activity and in a similar degree increase the soluble soil potassium. 
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CIIAPTKR xvrn. 

THE (;A1{B0N, NITJUKiEN, SEJA’IIl R, AND 

PTTosriioiirs ( ax les. 

Plants ooiitain ton essential eleinents, and tliese (‘leinents fonnd 
in the body of the plants or animals today an* the same ns t}ios(' 
whieh eonstituted the organic world thousands of \ ('ars ago. But 
between these dates they may liave ])laye<l many ])arts, or, in the 
words of Duncan, "Wc I)clicvc W(‘ must believe in this day that 
everything in the universe of world and stars is made of atoms, in 
quantities x, y, or z, resjK'ctiveh'. Alen and women, niie(‘ and 
elepliants, th(‘ red belts of .Fupiter aiul the rings of Saturn, are, ojie 
and all, but f‘ver-shifting, e\’er-varying swarms of atoms. Every 
meehanieal work of earth, air, fire, and water, every criminal act, 
every human deed of love or valor; what is it all, ])ray, but th(' rela- 
tion of one swarm of atoms to aiK)ther? 

“Here, for example, is a. .swarm of atoms, vibrating, seintillant, 
martial— they call it a soldier and, anon, .some thousands of miles 
away upon the South African veldt, that swarm dissolv(‘s dis- 
solves, forsooth, because of another little swarm tluw call it lead. 

“What a phantasmagorie dance it is, this dance of atoms I And 
what a task for the master of the ceremonies! Eor, mark you, the 
mutabilities of things. These same atoms may eoim^ togetlua- again , 
vibrating, clustering, interlocking, combining, and then* results a 
woman, a flower, a blackbird, or a locust, as the ease may la*. But 
tomorrow again the dance is ended, and the atoms are far away; 
some of them in the fever germs that broke up the dance, others are 
the green hair of the grave, and others are blown about the Antipodes 
on the wings of oc'ean, and the eternal everchanging dance goes on.” 

In this building up and breaking down, bacteria play an all- 
important part. The higher plants build up the carbon and nitrogen 
into complex organic compounds. This .saim* end is also accom- 
plished to a lesser degree by the animals which, howevcT, mainly 
act as analyzers of organic matter, but the master analysts are the 
bacteria which arc continually rc.solving into simple and often 
elementary constituents, the plant and animal debris. Were this 
not true, all the carbon and combined nitrogen of the v orld would 
soon become locked up in the dead bodies of animals; i)lants would 
starve and die, and animals w'ould likewise become extinct. There- 
fore, ba(!teria are the link between the living and the dead. The 
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absence of bacteria is incompatible with life on this earth, or, as 
stated by Pasteur, “they are tlie important, almost the only, jigents 
of universal hygiene, 'idiey clear away more quickly than the dogs 
of Constantinople or the wild beasts of the desert, the remains of 
all that has had life; they protect the living against the dead; the\- 
do more; if there are still living beings, if, since the hundreds of 
(‘(‘iituries the world has been inhabited, life continues, it is to them 
we owe it.” 

The Carbon Cycle. —Carbon occurs free in the earth as coal to the 
extent of over 500 billion tons, (dicmieally combined, it is found 
in far larger quantities in limestone, chalk, marble, and dolomite- 
rocks which form such a considerable j)ortion of the surface of the 
earth. According to Pettenkofer, a man weighing 151 pounds 
contains 20.4 pounds of carbon; no less than 257 million tons’ weight 
of it is, therefore, stored iq) in the bodies of men and women living 
ui)on the earth at tiu' present tinn*, to say nothing of the far grcjiter 
(piantities occurring in the tissues of trees, plants, and lower animals. 

(’arbon dioxid occurs in the atmosphere to the extent of three 
l)arts in 10,000. This is the equivalent of 000 billion tons of carbon. 
Moreover, the ocean is a vast res(*rvoir of carbon dioxid, which is 
])artly in solution and ])artly combined. Between the surface of 
t he sea and the atmosphere there is a continual inP'rchange, ('ach at 
times losing and at times gaining the gas. 

(’arbon dioxid is being added to the air from seAeral sources: 
the combustion of fuel, the res])iration of animals, and the decay of 
organic matter. It is also being evolved in enormous quantities 
from mineral springs and volcanoes. Krogli estimates that the 
annual consumption of coal adds yearly to the atmosphere about 
one-thousandth of its ])resent content in carbon dioxid. Were 
there no factors offsetting this increase in atmospheric carbon dioxid 
animal life would soon become extinct. 

On the other hand, there are two large factors at work removing 
carbon from the atmosphere— first, the decomposition of carbon 
dioxid by plants with the liberation of oxygen, and second, the 
consumption of carbon dioxid in the weathering of rocks. No 
precise valuation can be given to either of these factors, although 
various writers have attempted to estimate their magnitude. Cook 
computes that leaf action alone more than compensates for the 
])roduction of carbon dioxid. Chamberlain estimates that the 
amount of carbon dioxid annually withdrawn from the atmosphere 
is 1,620,000,000 tons, and that the greater part of this is taken up 
by the weathering of mineral. This is continually being returned 
to the atmosphere l)y the factors considered in the preceding chapter. 
There are then two compensating sets of factors— decay, respiration, 
and combustion liberating carbon; plant growth and rock weather- 
ing fixing it. These balance each other, thereby completing 
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the carbon cycle and rendering tlic carhoii-dioxid content of tlic 
atmosphere nearly constant. 

The Nitrogen Cycle. Since nitro^^jen occurs as an essential ])art of 
the structure of every plant and animal, it is found in all croi)s and 
crop residues. It occurs in the top soil in ])rotcins, ])rotcin decom- 
position products, a-rnmonia, nitrites, and nitrates. It is not found 
in the mineral matter of the earth except in shales and otlnu’ dei)osits 
containing the residues of plant and animal bodies. Hence, the 
quantity in the combined form is not gnxit when com])ared with 
other essential elements. \et it is reejuired by all living organisms 
in large quantities. Many of thes(; are returning it to its inert 
atmospheric form. This fact led Sir William ( rooks, in his famous 
address before the British Association for tlie Advancc'inent of 
Science in 1S98, to predict dire calamity to the Immaii race if science 
were not able to utilize' atmo.sphcric nitrogi'ii. 

In the free form, nitrogen occurs in enormous (|uantitics; four- 
fifths of the atmosphere is com])osed of it. 1 )r. TTo])kins has ])ointed 
out that the total supj)ly of nitrogen o\'er each acn^ of tin' ('arth’s 
surface, if available, would nu'ct the ne'eds of a hnn(h(Ml-l)ns]i('l crop 
of corn every year for 500,000 years, whereas llu' sup])ly of caiixm 
sulficicnt for such crops for only two years. Ne\ crtheless, 
carbon has no commercial value as ])lant-food, w hih* nitrogen in 
available form is worth from 15 to 20 cents a ])ound on tlu' market. 

The same atom of nitrogen at different times ])Iays many dilferent 
roles. One of the triumphs of agricultural bacteriology is the 
advancement which it has made in following nitrogen through its 
cycle. 

Nitrogen occurs in the plant and animal mainly in th(^ form of 
protein. The plant protein may be eaten by th(‘ animal and ])roduce 
animal protein. Either may reach the soil and (h't ay. The nitro- 
gen eaten by animals may be deposited as tissues of tlx; animal or 
excreted as urea, hippuric or uri(; a(*id. These ])roducts are acted 
upon by bacteria with the formation of ammonia. 

Either the plant or animal ])roteins may n'acli the soil where 
decay sets in with the formation of albumoses, ])roteos(‘s, ])eptones, 
peptids, and amino-acids. The amino-jicids are then deaminized 
with the formation of an acid and ammonia. The })rocess is spoken 
of as ammonification. 

The ammonia does not accumulate in the soil, but is acted uj)on 
by other bacteria, the nitrosomonas, with the formation of nitrous 
acid. This is quickly taken up by the nitrobacter and oxidized 
to nitric acid which reacts with bases in the soil w ith the formation 
of nitrates. The nitrates are the main sources of nitrogen for the 
plants which build from them and carbon dioxid, amino-acids, 
peptids, peptones, proteoses, albumoses, and finally plant proteins— 
and the nitrogen has completed its cycle. If this were the whole 
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story tlio qiiuiitity of combined nitrogen in the world would remain 
constant. Hut it is not— there are many leaks in the cycle. Some 
of the ])lants and animals may be burned with the liberation of fre(‘ 
nitro^^c'ii. Millions of pounds of it reach sewers, and from here 
rivers, lakes, and oceans. In time this is broken down and the 
nitrates so formed are reduced by denitrifx inj^ bacteria with the 
liberation of gaseous nitrogen. '^Hie proce.sses of decay continually 
going on ma\’ also liberate free nitrogen. Furthermore, millions of 
pounds of nitrogen are returned to the air by explosives. So the 
coml)incd nitrogen would continue to grow less wer(‘ it not that other 
factors an* at work in nature causing it to combine. Kvei’y flash 
of lightning causes some nitrogen to combine as oxids, but the 
quantity of combined nitrogen thus formed is relatively insignilicant. 
The major factors are l)iological. Thert; are within the soil two 
great grou]>s of bacteria which ])ossess the power of fixing nitrogen. 
The first the non-symbiotic nitrogen-fixiiig organisms living free 
in the soil —are able, with the energy they obtain from the oxidation 
of organic carbon, to build up complex organic nitrogen compounds. 
There are two groups of these organisms the aerobic and the anae- 
robic, the first l)eing -the more important. The other class of 
nitrogen-fixers is the symbiotic; these liv(‘ in conjunction with 
legumes and obtain from them carbonaceous material, and in return 
give combined nitrogen. In either case the coml)ined nitrogcai 
becomes available for higher plants. "Fhcn it again starts on its 
journey through the living and the dead. 

The Sulphur Cycle.—Sulphurisan essential (‘Icmentforalljdantsand 
animals, but the cpiaiitity require<l for normal growth and (hn elop- 
ment is relatively small e\'en when compared with the small per- 
centage found in .soil. It occurs in the .soil as organic and inorganic 
sulphur. The former is derived from the plant and animal residues. 
These are acted upon by microdrgani.sms with the liberation of 
hydrogen sulphid, sulpliur dioxid, and sulphates. Some of the hydro- 
gen SLilphid is carried into the ocean or soil by the first rain; some of it 
reacts upon the iron silicates of the soil and forms pyrite or marea- 
.site, but most of it is oxidized by bacteria with the formation of 
sulphates. The sulphur (lioxid is also further oxidized to sulphates, 
when they are again taken up by plants and start anew upon their 
wonderful journey through bacteria, higher plants, and animals. 

The Phosphorus Cycle. “Phosphorus occurs in the soil in the form 
of calcium, aluminum, and iron phosphate, also as organic phos- 
phorus. It is also found in places as huge deposits of rock phos- 
phate. It is an integral part of every living plant and animal cell. 
In these it octairs in two forms— organic and inorganic*. The organic 
phosphorus occurs in the nucleo-prbteins, phospho-proteins, and 
phospho-lipins. 

The mineral phosphates of the soil are rendered soluble through 
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bacterial activity, as out lined in a |)r(‘ce(linj»: cha|)t('r. This is taken 
u]) by tlie living ])lant and dei>ositcd cither as or^uiiiic or inorganic 
]>hosph()rns coinponnds within the i>lant tissiK's. 'Tiie ])lant tissues, 
if eaten by animals, yield ph()S])h()rus to the animal to b(‘ laid down 
in the IkhIv of the animal as or«^anic or inor^uniic comi)ounds. The 
excret^ of animals always contain i>hos]>horus in botli organic and 
inorganic forms, dlie inorganic ]>hos])horus is rea<lily utilized by 
plants and again starts on its cycle. However, the organic and 
animal residues must be mineralized by bacteria before th(‘y can be 
utilized again by ])lants. Microorganisms s])lit olf tlu' carbonaceous 
material and th(‘ ])hosphorus is lib(‘rat(‘d mainly in the form of 
])hos])hat('s. I nder sonu' coiulitions mold action may gi\e rise to 
small (piantities of phosphin which must be again oxidiz(‘d before* 
being a\'ailable to highe'r i)lants. In either <‘\(‘iit. the* n'sidting 
])hos])hate is now ready to start on its cyclic journey through the 
plant and animal organism. This is dramatically outlined for a 
])hosj)horus atom by one writer as follows: 

“Where was I born? Ah, that I cannot te'll yon. It was far, 
far away from lu're, d(‘ei> in the endless abyss of space, at an (‘poch 
so distant that even the earth on which you li\'(‘ had not be(‘n formed 
as yet; not c\ en the great sun, now blazing in his glory, nor any of 
the innuiiK'rable niultitiuh's of stjirs of the great uni\erse now 
shining in the sky, had as yet come into bdiig. No, they were uK'n* 
cold whiffs of invisible va])or, scatt(‘r('d o\(‘r all sj)ace, rc'mnaiits of 
worlds vanished a‘ons before this great universe began. Out of the 
vast I came, l)orn into that great sea of ether which strc'tches 
unbroken from star to star through all the endless <l{‘i)ths of s])ac(‘. 
Some vast change, some inurmuring and stirring of gigantic forces 
in its bosom, forces scarce known, scarce dreamt of, but working 
there in irresistible might, first brought me into being, and 1 hung 
sirspended in the great void. It was utterly cold and utterly <lark, 
and gleaming afar in the distance 1 could .see the myriad fir(*s ot the 
great worlds ami suns of space shining at me through the darkness. 
How long I hung in the void 1 know not. It was millions upon 
millions of years. Then atoms began tc) gather round me, stream- 
wise, coming from afar in pliosphoreseing tornmts, and 1 ja'iceived 
that 1 alrea(ly formed part of a mighty mass of gas, a huge nebula, 
which stretched its gigantic arms out for millions of inil(*s, like vast 
flaming swords, through the darkness of space. And so I hung for 
aeons of time, while atom after atom in an endless stream flashed 
past me in the gloom, while the great neluda .slow ly drew' together 
in its glory, and began to take shape and form. Then the tempera- 
ture began to rise in leaps and bounds, it grew' stilling hot, and great 
lightnings flashed and cpiivered about me, and we atoms crowded 
more and more together, colliding, wdiirling, flying. Ixach second I 
smote a thousand million atoms and at each collison my motion grew 
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more Jind more violent, until after millions upon millions of years of 
this tumult, 1 found myself ])art of an immensely hot flaming mass 
of gas, i)nrt of nn embryo sun. There in thewliirl and roar of this 
elemental llaine 1 remained for unthinkable ages, Init at last vast 
thunders beneath and around me made me aware that something 
tremendous was hapi)ening. It was a world — my first world— 
gradually condensing out of the lire mist, and the gigantic explosions 
which occurred from time to time were just great seas of boiling rock 
leaping u]>wards. I will s])are you the account of how I entered 
into that world, and saw it slo\vl.\' form and develop into a fair ])lanet, 
covered with wonderful swarming masses of living creatures, with 
great cities filled with busy life, and wonderful civilizations. Nor 
will 1 tell you of how that world grew old, and passed into a vast 
desert, and finally, after wandering for icons of time in darkness 
and silence, burst suddenly forth into flame, the victim of a great 
eosmical catastrojdie, and, like a bubble, vanished, exploding into 
incandescent gas. Nor will I tell you of how, far flung, 1 fell upon 
another world, and saw this world too in time })erish; and of how 
1 pass('d from world to world, and formed ])art of world after world, 
wandering in mighty migrations through s])a(‘c, until at last I joined 
the fire mist from out of which, ultimately, this j^resent world of 
yours condensed amidst titanic convulsions. ^\)U will, therefore, 
see that e’s en before \'our world began, J was old, immensely old. 

J will pass o\'('r all this and come to a time (juite recent, when I 
found myself forming j)art of the molten fire underground. Here I 
lay for age after age, while the land above me was being eaten away 
by wind and rain and storm, and was buried- continent after 
continent crumbling into ruin— into the great ocean waiting 
patiently to receive it. Now I was urged u])ward by vast forces, 
slowly, steadily, for thousands of years, until I finally was uplifted 
to form part of a hard, cold rock, which soon reared itself into a 
mighty cliff, beaten upon l)y Avind and rain and storm; I have a dim 
recollection of looking out from the cliff face upon a widespread blue 
sea, filled with strange vast monsters, Avdii(*h have long since vanished 
from the earth. But at last the cliff was washed aAvay and I passed 
into the great body of the sea, and was absorbed into a tiny plant, 
living beneath the salt w^aters; but this was devoured by a glittering 
gorgeous fish, and so I entered his body. Then this fish was 
devoured by a reptile, which, creeping out of the water, entered a 
swamp and died, and its huge body decaying, 1 was washed into the 
soil, and there meeting with the rootlet of a plant, I entered into and 
formed part of it; and this was eaten by an animal; and so I entered 
into its body and formed part of it; and this was eaten by an animal; 
and so 1 entered into its body and formed part of his bones. While 
we were crossing a ravine one bright sunshiny day, millions of years 
ago, a green monster flashed out upon us and slew my master and 
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devoured me. After a time my new host was also slain in a similar 
manner, and his body, deea\ in^ in the rank i^rass aiul ^Tgetatioll of 
the swamp, I was ultimately washed out to sea in a sudden flood, 
whieh, eoming down from the hills, sw(*])t m<‘ away. Here I 
mingled with the mud at the bottom of the s(‘a, and stayed there for 
millions of years, and beeanie eoV(‘red over with mighty layt'rs of 
mud and sand, and sank ever dee])er and de(‘])er into the earth, and 
at last onee more felt the glow of the nether fires. IIer(‘ in the great 
gleaming furnaces of the dee]) 1 remained for many millions of years, 
while miles above me the world ehanged and develojx'd, mountains 
eame and went, new and strange creatures exohed, develo])ed, 
filled all the earth, and died out again. One day, 1 was hurled forth 
amidst vast thimderings through the throat of a gnait volcano, and 
formed })art of a molten lava stream, whieh in time beeanie a h'rtile 
field covered with waving ero])s and golden grain. Then 1 entered 
into a grain of corn, and was devoured b\ a. man living thousands of 
years ago, a mere savage' you would te'rm him, wild and fii'ree'. From 
him I passc'd to earth onee more, and since then have' Ix'en passing 
in a ceaseless round of change through tlu' Ixxlies of li\ ing creatures. 
1 have flown through the air in a bird, I have' swum in the sea in a 
fish, I have roamed over the earth in a Ix'ast, 1 ha \ e formed i)art of 
innumerable ])lants. But the* full tale would only weary you, 
wonderful as it is. One day, a few years ago, 1 was devoured by an 
ox while forming part of a piece of grass, and soon by the mysterious 
chemical forces of its body 1 was made to form jiart of its bone. 
The great beast was slaughtered by men, and his fk'sh ('aten, and 
his bones burnt to a fine white dust in a furnace. Out ol this (lust, 
I, the tiny phos})horus atom, was distilk'd in a furnace and found 
my way to a match factory, and am now in this little rnateh-box 
lying in the table before you. Is my journey finislK'd? Oh di'ar no, 
far from it. I shall go on changing and journeying and dancing, 
age after age, even until the world fades away lik(' a mist, and long 
after all that you see and hear around you has crunil)led away and 
vanished into the awful maw of time. I have bec'ii taking part in 
the great dance of atoms whieh forms the basis of all jaissing things 
and events, for millions upon millions of years, and shall continue 
to do so for millions and millions c^f years to come. 1 may, indeed, 
see this world perish, and may yet dance in worlds as yet unborn. 
My future will be probably even more strange than my i)ast. 

RK.FKHKNCE.S. 
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CH AFTER XIX. 


PUTREFAClTOiX, FEIIMENTAl’lON, AND I)E(^AY. 

Putrefaction, fcrnientatioii, ami decay are irt reality terms which 
are essentially distinct alth()iip:h they have been greatly confused 
and used synonynionsly even by ]>r()fcssional men. As ]>()inted out 
by Xendall, this confusion is attributed ])artly. to tlic use of terms 
to designate c('rtain ])roccss(‘s whidi o(*cnr in nature Ix'forc' tht‘se 
changes wc'rc studied cither biologically or chemically. 

Definitions.” h'ischcr considers the ttTin fermentation, as it should 
be used in l)act('riology, as the biochemical decomposition of nitro- 
gen-free coinponuds, chit‘H\ carboh\'d rates, due to the action of 
microorganisms, and jmtri'faction as the biochemical decomposition 
of nitrogenous organic comj)ounds l)y the action of microorganisms. 

The distinction which is usuall\- drawn between decay and jHitre- 
faction — as the de(*oinposition of nitrogenous organic substances in 
the presence of ox\ gtai on the one hand, and the absence of oxygen 
(or with a limited su]>])ly) on the other is not always sluirply 
defined. The end products in Indh cas(‘s may b(‘ quite similar. 
Nencki found that in the decomposition of gelatin at 4(F ( \ in the 
presence of air, there were formed in four da\’s for every 100 j)arts 
of the original substance 0.4<S ]>arts of ammonia, 24.2 parts of 
volatile fatty acids, 12.2 i)arts of glycocol, 19.11 parts of pe])tone, 
and ().4o parts of carbon <lioxid, the other 28.5.4 parts being unde- 
termined. Jeaniiert repeated thcs(‘ (‘xperiments with the exclusion 
of air and found as the deconi])ositioii products of gelatin, carbon 
dioxid, aniinonia, a gas smelling like carbon bisulphid , acetic, butyric, 
and valeric acids, glycocol, leucin, and a colloid in base-like substance. 
He conclud(‘(l from the.se and other experiments that (1) the decom- 
position of nitrogenous substances and of carbohydrates may be 
accomplished with access or exclusion of air; (2) in the latter case 
the decomposition is considerably less rapid, and complete decomjx)- 
sition requires a period six times as long; and (4) the more simple 
chemical products formed are in the two cases identical. 

Nor is it a safe criterion to state that putrefaction is accompanied 
by the formation of ill-smelling substances, for this is usually a 
quantitative and not a qualitative difference. Moreover, Flirschler 
has pointed out that the putrefaction of protein substances is modi- 
fied by the presence of carbohydrates. The addition of various 
carbohydrates, glycerin, and calcium carbonate changed the decom- 
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position of meat so that aromatie ])ro(hi(*ts of ]>utrefaetioii could not 
be detected. From this he drew the eonelusion that the decomposi- 
tion of protein substances in tlie presence of cane su^^ar, starch, 
dextrin, glycerin, or la(‘ti(! acid may not lx* accompanied by the 
formation of the characteristic putrefaction ]}roducts indol, ])henol, 
and oxyaeids. Nevertheless, there is a marked (luantitativc dif- 
ference in the two processes -decay and putrefaction, ddie former 
is marked by the volatilization of the organic constituents -either 
protein or non-protein -while the non-volatile mineral constitmaits 
are left behind in a form largely available. Putrefaction is the ra])id 
and intense decomposition of nitrogenous (for the most ]>art protein) 
bodies by certain bacteria, usually with the formation of large 
quantities of gaseous, ill-smelling j>roducts. Fheia; may result as 
intermediate products, basic; substances often having highly toxic 
properties. These substances have* been named ])tomaines by 
Brieger. Many of them contain only carbon, hydrogen, and 
nitrogen, and are ammonia-substitution i)roduets. Some of the 
simpler ones are : 


Mcthylaiuin 
DiiiKithylainin 
Trirnethylamin 
Piitrescin . 
Cadaverin . 


(nn.,)Nif2 

(CllO^Nfl 

Nfr..(CH2)4NH2 

NII2(C1I,05NH2 


They are usually protein-cleavage ])roducts, sometimes resulting 
from the mere removal of carbon dioxid from tin* carboxvl of tlie 
amino-acid. Putrescin may be formed from oriiithin thus: 

rilr-f ’IIi -('H2— CII— f '()( )H ( 'U. -( II.:— Cll, ( 'll, 

I I =1 I + (’C), 

NII2 NII2 NII2 NIP 

Ornithin Pulrcvsciii 


and cadaverin from lysin: 
c H2— CII2— cir2— C112— ( ' H— coo n 
1 . 1 
NH2 NIL. 

Lywin 


CH, 

1 

NH2 


Cil2 

I 

Mf 2 

Cadavfrin 


(’H2 

+ CO, 


In jmtrefying mixtures the ]>tomaines appear on or about the 
fifth or seventh day after putrefaction sets in, and disappear, by 
further cleavage, more or less rapidly, yielding less complex nitrog- 
• enous substances that are non-toxic. 

Active Agents. Liebig and tin; early worker’s considered these 
changes to be ])urely chemical processes, ddie fc'rment was to them 
an extremely alterable organic substance which d(‘comj>os('d, and 
by decomposing set in motion its own (‘lements. The momentum 
thus engendered is sufficient L) tear to piec(‘s the fermenting sub- 
stance. This in turn then possesses the jKiwer of iin]>arting to other 
compounds this same pro|>erty, or, in other words, tliey considered 
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fermentation a true chemical process. This was overthrown by 
Pasteur, who ])roved fermentation to be <lue to living microscopic 
organisms, and it came to be generally believed that putrefaction 
was due to a certain microorganism— termo. Cohn 
wrote in 1S72 that through his own ex])eri merits, as well as through 
those of other investigators, he was (•onvinecd that Bact. termo was 
the ferment of putrefaction in the same way that y east is the alcoholic 
ferment. He considered that other bacteria may play a secondary 
role, Init that Bact. termo is the primary cause of putrefaction. How- 
ever, bacteriologists soon came to r(‘;dize that Bad. termo was only 
a general name gi\x*n to tin; many species of rod-shaped organisms 
occurring in decaying substanet's. In 1884 and 188o Hauser 
isolated three distinct sjiecies of liacteria cajiable of causing putre- 
faction— Profezr*' {B. protem', B. valffaris, B. zopfi), Prutem 
mirabilw, and Proteus zenlceri. ddic first two are capable of liquefy- 
ing gelatin, while the last is not. Many dilferent bacteria are 
encountered in a spontaneously jiutrefying substance. Among the 
most active which have bt'en studit'd an*, ac(*ording to hdfront: 
the famil.y of Protcu.s, B. putrifiem coli (Pitaistoek), B. perfrmc/ens 
(Ceillon and Zuber), Micrococcus flatus lif/Mcfacieus (Fluegge), 
B. gracilis putidm (4'issier and Alartellx’), B. bifermentans sporo- 
geues B. diplucuccus griseus iwn-ligm'facmw (Tissier and Martelly), 
B. coli communis (Kseherieh) , Streptococcus pyogenes (Doleris and 
Pasteur), and Staphylococcus pyogenes alhus (Ilosenbach) . These 
bacteria are veiy widely distributed, B. proteus being especially apt 
to occur in substance's undergoing decomposition. Its presence is 
constant in rotten meat, is very frequent in manure, and is met with 
in large numbers eve'ii in normal deqeeta. The ])utrefying bacteria 
are usually^ anaeroliic, but there are often very active aerobes. 

H, Martelly' mad(‘ a careful study* of the bacterial flora of jiutrefy- 
ing material and found that it changed from period to period. He 
found at first Micrococcus flavus, Staphylococcus alhus, B. coli, and 
Diplococcus griseus. Then at the end of three or four days B. 
perfringens, B. sporogeiws appeared, at the end of eight to ten days 
he detected the presence of B. putidus, B. piitrificus, and Proteus 
zenkeri, and after three months there remained only B. putrifleus, 
B. putidus, and Diplococcus griseus. 

ProducU of Putrefaction and ])ecay^—D\ic to the tryi)sin and 
erepsin secreted by* the bacteria the proteins are broken into albu- 
moses, peptones, jzroteoses, and amino-acids, and even in very 
advanced putrefaction nitrogenous substances are always found 
which give the protein reactions. The amidases secreted by* 
bacteria give rise to volatile acids, amins, i)henol and indol deriva- 
tives. Effront summarizes the products formed as follows: (1) 
Ammonia and amins— ethylamin, propylamin, and trimethylamin; 
(2) volatile acids, comprising all the members of the fatty series up 
to caproic acid; aroipafig acids and oxyacids, like phenylpro- 
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pionic, oxyphenylacetic, and oxyphenyli>ropi()nic acids; (4) phenol, 
indol, skatol, i)yrrol, and its derivjitivcs, these bodies sometimes 
being in very small (juantities or even completely absent; (5) sulphur 
derivatives like methyl-mercaptan; (b) various amino-acids, leucin, 
tyrosin, tryptophan, and sometimes glycin, creatinin, etc.; (7) 
various ptomains, like putrcscin and cadaverin, the guanidins, 
cholin, and nurin, ]>yridin, hydrocolloidin, etc. 

In the ]>ro(;ess of decay the carbon and hydrogen is liberated as 
carbon dioxid, methane, water, and other volatile products with the 
result that the carbon in the soil tends to fall off relatively to th(i 
nitrogen and the ratio , which in the original plant material 
is about 40, is reduced in the soil to 10. This carl)()n-nitrogen ratio 
varies with climatic conditions, also with soil tyj>e and previous 
treatment. Lawes and (lilbert, as (piotcd by Lipina n, give th(‘ 
following carbon-nitrogen ratio in the organic matter of different 
soils: 


Cereal roots and stul)blc . 
Ije^urninous stulible 

Dung 

Very old f'rassland . 
Manitoba prairie soil . 
I’asture recoiilly laid down 

Arable soil 

Clay subsoil . . . . 


43.0 

23 . 0 

15.0 

13.7 

13.0 

11.7 
10 . 1 

0.0 


Other things being equal, a wide carbon-nitrogen rtitio indicates 
a more fertile soil than a narrow carbon-nitrogen ratio. But 
this must always be interpreted with regard to the cliniiitic condi- 
tion. In the arid regions the carbon-nitrogen ratio is ntirrow when 
compared with soils of the humid regions, yet the bacterial activity 
of the former is just as active as that of the latter. 

The organic substances found within the soil are called humus and 
result from the action of bacteria upon the plant residues. The 
composition of the substance varies with the i)roducts from which 
it has been formed, also the degree of humification which has taken 
place. Moreover, the quantity and speed with which humus is 
formed depends upon the nature and condition of the material used 
and the physical, chemical, and biological conditions of the soil. 
Hilgard thinks that in the humid regions one part of normal soil 
humus may be formed from five to six parts of dry-])lant deliris, 
whereas in the arid regions from eighteen to twenty jiarts of the 
same material would be required. Snyder allowed various organic 
substances to humify for one year with the following results: 

Per cent, 
nitrogen 

1 part fresh cow manure yielded 33 part.s humus rontaining 0.16 
1 “ green clover “ “ 25 “ “ “ 8.24 

1 “ meat scraps “ “ 11 “ “ “ 10.96 

1 “ sawdust “ “ 10 “ “ “ 0.30 

I “ oat straw “ “ 6 “ “ 2 . 50 



192 


PUTREFACTION, FERMENTATION, AND DECAY 


Ilunius is mainly valuable because of its physical ell’ect u])()u the 
soil ami because of its content of nitrogen, potassium, and ])hos- 
])horus which are slowly liberated by bacteria. The beneficial effect 
of organic matter u]>on the bacterial flora of th(‘ soil and soil 
fertility, however, is mainly exerted before it reaches the stage of 
humus. 

Chemistry of the Processes.— The ])rimar>^ and secondar\ jjroducts 
resulting from the decay of organic matter in the soil are classed as 
humus. They are not, as was once believed, ;i few comparativ(‘ly 
simple organic compounds but arc a het(*rogen(‘ous mixture of 
colloidal and crystalline organic compounds resulting from the 
action of bacteria upon ]>lant residues. 

The chemical composition of the end products being in many 
cases unknown, th(‘ chemistry of the process is still to be explained, 
but we have some very suggestive information due to the fact that 
acids and alkalies when they act upon carbohydrates yield brown 
humus-like substances very similar to, if not identical with, the 
substances found in the soil and resulting from bacterial a(,*tivity. 

It is known that the aldelu'd grouj) of a car])ohydrate easily 
oj^ens its double bonds between carbon and oxygen and adds water 
to form a polyhydric alcohol, as follows: 

K-^C=0 + H2O 

I 

H 


OH 


i OH 

ir 


This reacts with sodium hydroxid with the formation of the 
following salt: 


H 

I 

R- (’ 

I 

OH 


OH 




OH 


+ NaOII 


II 

I 

R— C 



ONfi 


OH OH 


II2O 


II 


This salt is unstable and the molecule forms enols: 

11 ]I H H H H H H OH Oil H 

I I I I I I III II 

-C O— ONu = H0--0--(’ = C— O = ONa + 2 H 2 O 

I I I I I I I I I 

OH OH OH OH HO HO H H OH 


These break apart at the double bonds: 
H H OH H 

II II 

HO C O - ; = (' (’ - ; - 

I 

If 

H H OH II OH 

I I I I I 

HO— - C -C - ; - i:— o 


oil II 

I 1 

( ( )— Na 
OH 

OH OH 

I I 

- C -O-ONa 

I 

H 
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By this process pieces having various numhers of carbon atoms 
are formed, all of which are very reactive in tlu‘ir nascent state dne tt) 
tlie free open bonds on the (*arbon atom. These react with each 
other and give rise to long chain comj)onnds, the more complex of 
which have a brown color and otluT ]>hysical and chemical charac- 
teristics of soil hnmns. 

Soil hnmns also contains nitrogen which would come through the 
action of bacteria nj)on ]>roteiiis. The ]>rodncts resulting through 
such action are iinmerons and varied, but the work of Schreiner and 
his associates has shown them to be the following: 


Arginin (C^bHNO^Nj) 

Adenin (C’t]r6N5) 

Agroceric acid (C21H42O3) 

Aorylio acid (C3H4O2) 

A gro st c r al ( C22I I220 1 1 20) 

('ytosiu ((’ai60N3ll2<>) 

(diolin (('t,lIu02N) 

("reatinin ((^UtONs) 

Croatin (C4Hg02N;,) 
Oihydroxystcaric a«‘id (OinHasO-i) 
llotil riacoiitnn (( 'inllod 
Histidin (X’6ll902N3) 

Hypoxanthiii (('5H40N4) 
liiguocoric acid (f ’ 24 H 4 st) 2 ) 
Moiiohydroxystcario acid (C18II30O3) 
Mantiitc (CellMOe) 


Nucleic acid (cuiislilu<'ii(H uidviiowii) 
Oxalic acid (( -211204) 
l^icolin c.arI)oxylic acid (CtHtOjNj 
P aralfinic acid ((\MH48O2) 

Phytost crol (( :26H4iO.H2< >) 

Pentosan (('r,ll 804 ) 

(iuanin (OHrNs) 

Ulianiosc (OeHuOio) 

Succinic aci<l ((’illnOt) 

Saccharic acid (( '(iUxOio) 

Salicylic aldehyd (( \,IIi('IlOOH) 

Tri met hylainin (( ’3 1 1 » N ) 
'rrithiobcn/aldchyd 'Sltjs 
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CHAPTER XX. 


AMMON! FI CATION. 

In the i)recc(ling chapter it was shown that one of the final proil- 
ucts resulting from jmtrefaction, fermentation, and decay is 
ammonia. TIh' ])roduction of ammonia, through the intervention of 
microorganisms is known as ammonification. The speed with which 
this ammonia is formed within a soil varies witli tlie physical and 
chemical composition of the soil together with the number and 
I)hysiologica] efliciency of th(‘ A arious organisms taking part in the 
process. 

Althougli it has h(‘cn known for some time that small fpiantitics 
of ammonia occur in all arabk* soil, its formation was not known 
to be due to a biological ])n)cess until TSIK) when JMunt/ and Condon 
demonstrated that ammonia is no longer formed in soils sterilized 
by heat, dliey, togethc!’ with Kayser, isolated from soil two species 
of Bacterium, one of Bacillus, two of Micrococcus, and two of molds 

all of which prodiavd ammonia in veal bouillon, and all but one 
(a inicroco(*cus) gav(‘ the same results in soil. From these results 
tliey concluded that the formation of ammonia in the soil is the 
result exclusively- of th(‘ conjoint activity of numerous lower organ- 
isms of very widely dilVercnt chara(;t('rs. 

This conclusion was confirmed the saim' y ear by' Marchal who 
isolated from the soil the species of microorganisms (molds, yeast, 
and bacteria) which were the most prevalent, and determined which 
of these had the jiowcr of transforming nitrogenous material into 
ammonia. Of 31 spt^cies tested, 17 displayed a strong ammonify- 
ing power. Most of the others displayed a smaller but none the 
less distinct ammonifying power. Molds and yeast were also found 
to produce ammonia. On inoculation into a solution containing 
l.tKif) gins, of organic! matter per liter the various organisms were 
found to transform the following proportion of nitrogen into am- 
monia in twenty^ day s: 


B. niycoidca 46 

N 1 . 39 

Proteus vulgari.-s . . . . 36 

B. mesenterius vulgutua 29 

Sarcina lutea 27 

B. janthiiius 23 

B. subtilis 19 


The B. mycoides was selected by him for special investigation. 
This organism is found very widely distributed in nature. It is 
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always present in the surfaei* layers of clllti^ ate(l soil, and is found 
frequently in manure, vepietable mold, composts, and in the humus 
of forests. It occurs at times in air and natural waters. Tie found 
that when inoculated into a neutral solution of alTnimen the medinm 
soon becomes strongly alkaline due to the accumulation of ammo- 
nium carbonate; simultaneously there was a corrcs])oiiding d(‘crease 
of albumin. The analysis of the atmos]>h('re in which the culture 
was confined showed a nnirked decreas(‘ of oxygcMi ^^ith a corriv 
sponding increase of carbon dioxid. Tlydrogeii and iiitrogtMi were 
not among the gaseous ])roducts. Tlu‘ quantity of carbon dioxid 
and ammonia formed in the respiration of this organism were nearly 
in the proportion in which they arc formed in the coni])lete combus- 
tion of albumin. In addition to these two substances, there were 
found in the solution small quantities of j)c])ton('s, l('ncin, tryosin, 
and formic, butyric and proj)ionic acids. Marclial considered that 
in the life processes of /^. mi/roidrs atmos])heric oxygen is made to 
combine with the constituents of allnimin, its carbon being trans- 
formed into carbon dioxid, its sulphur into sulphuric acid, a ])ortion 
of the hydrogem into water, the ammonia ai)])('aring as a rc'sidual 
product. He assumed the following e(juation: 

Ct-HiuNisSO- + 770., - 2011-, O + 72( 'O, | SO., | ISNIIj 

The best conditions for the activity of th(' organisms aixs (1) A 
tem])erature of about o()° (\, {2} thorough aeration, (.'>) a slightly 
alkaline medium, and (4) a dilute solution of ])rotcin. It was also 
found that this organism can ammonify not only all)mnin l)ut also 
casein, fibrin, legumin, glutin, myosin, serin. ])cj)((Hies, creatin, 
leucin, tyrosin, and asparagin, but was unable to utilize nr<ai, urea 
nitrate, or ammonium salts. In the main these results ha\'(‘ been 
ainjdy confirmed by a great number of investigators. 

(\ 15. Tiipman and Burgess, however, ha.V(‘ d(‘monstrat('d that If. 
niycoklcft is by no means always the most (‘ffieitait ammonifying 
bacterium, for even this organism varies grc'atly in its activity, 
depending upon the chemical and physical conditions of the sub- 
strata. They make the following critical statements concerning 
Marclial’s findings: “First, the results of solution cultures are no 
criterion as to the results to be obtained in soils. Secondly, that 
no two forms of organic nitrogen are attacked and ammonified with 
the same vigor by any one organi.sm. Thirdly, that dillerent soils 
will modify an organism’s power to ammonify any oik' giv(m form 
of nitrogen very marke<lly, so that it may be eflicicmt in one case and 
feeble in another. Fourthly, that the ammonifying efficiency of 
organisms is greater in sandy soil, and possibly in others, than in 
solutions, for we have obtained a transformation of 41.98 ])er cent, 
of peptone nitrogen and 8().()() per cent, of bat guano into ammonia 
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by Sdrcind luff’ a aiifl viycuides, rcs])ectively, in twelve days at 
temperatures between 27° C. and 30° (\, while Marchal only 
obtained similar transformation in thirty days at 30° (\ in albumin 
solutions.” 

Species and Distribution. As was pointed' out by Marehal, the 
ammonifying organisms are very widely distributed in nature. 
The power to sjdit olf ammonia from })rotein is a eharaeteristic of 
the majority of soil bacteria, (lage noted the ])rodiietion of 
ammonia in thirteen out of twenty cultures of sewage bacteria tested 



Fiu. 27. — AimnonifyinK liaclrrhi. — I. Hactenum miicouUs-, X 3,000. (Nad.son.) 
2. liarlcrium nii/coidrs; involution forms; X 3,000. (Nattson.) 3. Barferiiijn 
iunuscctis. (Mycr.) 4. Proteux vulgarix-, X .3,000. (Natisoii.) 5. Proteus vul- 
{jaris-, involution forms; X 3,000. (Nadson.) (Lipman’s “nactoriain Relation to 
("ountry Lif('.”) 


by him. He further found that the gelatin liqucfiers have an 
ammonifying i)ower nearly twice as great as the non-liquefiers. 
ChesttT found all but one of the organisms tested by him capable 
of ]>rotiucing afemonia. C\ B. Lipman tested the following fifteen 
organisms in soils: B. mesentericns vulgatv.s, Ps. putida, B. imlgatua, 
B. megatherium, B. mycoides, B. suhtilw, B. tnmescm.s, Sarcina 
lateapiB. yrotcus vulgaris, B. icteroides, B. ramosus, Streptothrix, 
sp., Ps. jluoresrens, B. vulgaris (navy strain), and Mic. tetrageum as 
to their ammonifying powers of dried blood, tankage, cotton-seed 
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tiical, shfej) iiiid goat niaiuirc, pcptoiH-, fish juiaiio, and hat J^'uanu. 
H(y found tli<it while ull j)r()dii(‘ed uiiiiiioiiin, their eflieieiiev Vtiried 
greatly, depending upon the nature of the soil and the nitrogenous 
indteritil to be aInIno^lihed, li, fimu’.sccfis, however, on the whole 
appeared to be the most efiieient organism testiMl. 



'// 

Fui. 28.— AiiimoiiifyiiiK Imctoria. - 1. /Vo;r//,s rulgarus-, X 2.1)00. (Uodi-llti.) 
2. Bacillus 7ru'galheriuni; X 2,600. (HintcrlM-r^cr.) 2 . linciUux m geo id's \ X 2,000. 
(Ihmmerling.) 4. Bacillus areus-, X 2,600. (Wilhrliny.) Id|)iii;ui'.s “Hficleria in 
Relation to Country Life.” 


Moreover, many fungi, as shown l).v McLean and Wilson, possess 
the power of rapidly ammonifying cotton-seed meal apd dried blood, 
l^ungi belonging to the MonUiacem w'ere more active ammonifiers 
than were members of the Afiperglllacece, Mveoraem, or Deimitiacm. 

An idea as to the number of ammonifying organisms w hich must 
occur in soils may be gleaned from the fact that ( Onn found about 
10 per cent, of a soil’s flora to be rapid liquefiers, principally Ps. 
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fluon'sceiis, and many others are slow licjiiefiers. This indicates 
that the class of organisms must play a very important role in the 
degradation of the nitrogenous material of the soil. 

It is fjuite likely that the organisms are even more efficient in the 
soil in tile mixed cultures than they are in the pure cultures. For 
the transforming of protein nitrogen to- ammonia is a complex 
process wliieh must proeeeil liy steps and some organisms must be 
more efiieient than are others in specific ]>hases of the reaction. 
But so far we have little d(‘finite information on this sulijeet. 

Methods. -Two methods are in general use for the determination 
of the ammonifying ])owers of the soil, ddie one in which a definite 
IKirtion of soil is inoculated into a. liquid media and after a given 
time the ammonia d(‘termined; in the oth(‘r th(‘ nitrogenous sub- 
stance is incorporated into the soil and after a definite p(*riod the 
ammonia determined, ddie lather method would a]>pear to approach 
more nearly field conditions, but both methods have their advocates. 
It is not m\ ])urj)ose to go into the claims made for each, but suffice 
it to state that Lolmis, who has made a careful study of each, finds 
the more important factors in both to be: (I) Nature and quantity 
of material used as sulistrata.; (2) concentration and distribution ot 
the substrata in the medium; (8) aeration; (4) diffusion, absor[)tion, 
destruction or e\ aporation of metabolii* jirodiu'ts; (5) reaction of the 
medium; ((>) tenij erature; and (7) duration of the ex])eriment. 

As was pointed out by Fagnoul in 1895, the formation of ammonia 
in the soil is only a transition state of organic nitrogen in passing 
to the nitrates.. So that with either the solution or soil method, 
what we measure is tin; aicumulation of ammonia in the media and 
not the actual (puintity formed. V arious factors may enter and slow 
down the quantity of ammonia formed, ddiis would be indicated 
by a smaller (juantity of ammonia in the soil, or the speed with which 
the ammonia is transformed into nitrates may decrease', and hence the 
ammonia accumulatc's while the actual quantity found is the same. 
Moreo\ er, it is well known that many microorganisms possess the 
power of transforming ammonia into protein nitrogen, and this 
factor may either increase or decrease with a corresponding change 
in the ammonia of the soil. Where large (juantities of ammonia are 
being formed, part of it may Im; lost from the medium by volatiliza- 
tion. The extent of this loss varies with the soil. Lemmermann 
and Fresenius found the addition of calcium carbonate to a soil to 
the extent of 1 per cent, reduced the volatilization of ammonium 
carbonate and increased the absor()tive power of the soil for ammonia. 
Calcium sulphate and chlorid and magnesium chlorid have a similar 
effect. Caustic lime has the opi^osite effect. The zeolites are very 
effective in reducing the loss of •ammonia from soil, and according to 
Pfeiffer and coworkers the nitrogen so fixed is so firmly held that it 
does not become available to plants during the first season. 
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Matrrml Ammonified . — The s])cc(l with whicli ammonia is formed 
within a soil varies greatly, (lepending ii])on the nature of the 
material to he ammonified. Li])ma,n and his associates found the 
following proportions of nitrogen w(‘re transformed into ammonia 
in six days: 


Concentrated tankage r)G. (>0 per cent. 

Ground fish 47.10 “ 

Cow manure, solid and liqui<i excreta ;{2.00 

I4ried blood 10.71 “ 

Uone m(?al 10. OO 

Cow manure, solid excreta 0.09 

Cotton-seed ineal 4.95 


However, this order is not always maintain(‘(l, for (1. B. Li])man 
has found it to vary with the soil and with the liacterial flora. 
Lipman and Brown consider the car!)on-nitrogeii ratio important in 
determining the rate of ammonification of nitrogenous materials, 
and then the modification of this ratio hy soluhh' carbohydrates or 
by other soluble compounds may lead to changes in th(‘ numbers 
and s]>e(*ies of the microorganisms in the soil or ciiltniH' solutions 
and a consequent dej)ressed or intmisified ammonification, depend- 
ing on the character of the nitrogenous fertilized'. 

The addition of dextrose, sucrose, lactose, maltose, and mannite, 
according to Lijiman and Brown, decrease' the ae'cumnlation e)f 
ammonia in the soil. Kelley founel that by aeleling l.oSd gins, eif 
starc'h to 1.072 gins, of casein the' quantity of amrneinia in the seiil 
at the' end of nine days was dee're'ase'el oO ])er e*e'nt. 

In the i>resence of the carbohyelrates the' e Increases may be either 
real or aiiparent. The true dee*re'ase may be' eluc to the e*arbe)h>'elrate 
which causes the organism to use' only sufficient jireitein to me'et its 
nitrogen metabolism when only a small epiantity e)f amineinia woulel 
accumulate. 

The apj)arent decrease is J>re)babl^' due^ to an acccle'ration eif the 
speeel with which ammonia is transformeel inte) preitein nitrogen. 
Inert organic substances in general, such as starch, e*ellulose, and 
peat, usually decrea.se the .speed eif ammonification. This is due, 
according to Kahn, to the substane-e' making some of the soil inoi.sture 
unavailable to the bacteria, for he found that when the; moisture is 
sufficiently great cellulose acts as a stimulant to ammonification, 
probably by holding the sand particles farther apart and thus in- 
creasing aeration. Dzicrzbicki has found that snndl amounts of 
some humic acid salts increase ammonification. 

The addition of manure to a soil greatly increases the ammonia 
produced in a soil. This is illustrated by the following results 
obtained by (Ireaves and Carter. In the first column is given the 
per cent, of ammonia found, the untreated soil being taken as 100 
per cent. The various quantities of manure were applied to the 
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soil ill ])()ts and after four months the ammonifying^ powers deter- 
mined. In the second and third columns are given the results from 
actual fi<‘ld soil receiving (‘ach year the designated (juantity of 
manure. 




Pot, 

Field 

Fxperiimnit 


Troll t, men t 

rOxporiment 

Fallow 

(Topped 

Nf 

iiianuro .... 

. . . 100 

100 

100 


tons of rtiariuro 

. . . 122 

147 

129 

10 

U a ^ 

. . . 140 



If. 

“ “ “ . . 

. 152 

188 

183 

20 


. . 1 00 



2r) 

“ “ “ . 

. . . 180 




Crops grown on a soil decrease its ammonifying powers. In the 
order of their decreasing ammonifying powers came fallow, ]}otato, 
corn, oats, and alfalfa. 

lujlucnrc of Soil and (liniolic (Uyndiilmu. -Lijiman ])oints out 
that the ammonia ])roduction in a soil is alfected by (1) its meehani- 
eal and chemical composition, (2) by fertilizer treatment, and (d) 
by methods of tillage and cropping. He further states that the 
mechanical com])osition of the soil determines the j>ro])ortion of 
aerobic and anaiu’obic organisms in a soil. I f the latter predominate, 
the ])rodnction of ammonia is comjiaratively ra])id. Yet Fischer 
rejiorts a mr)r(‘ intense ammonifieation of dried blood in light tlian 
in lieavy soils, but un(h‘r this case it is possible that tlu' loss of 
nitrogen from th(' sandy soil was sufficient to account for the 
observed difference. ( \ 15. Lipman has shown that the order within 
various soils dilfiTs with the various ammonifying organisms. 
Moreover, he and Waynick found the nanoval of California soil to 
Kansas increased the ammonifying jiowers about one-third, but 
remo\id to Maryland had little effect. Whereas Kansas soil re- 
moved to (’alifornia loses greatly in its ammonifying power, yet 
Kansas soi 1 transported to Maryland suffers little change. We must, 
therefore, conchid(‘ that climate exerts a great influence on the 
ammonif> ing powers of the soil. 

Yhe (luantity of ammonia in a soil varies from season to season 
and from })eriod to ])eriod. (Jreen found that as regards the 
ammonifieation of the organic manures flesh meal, liorn meal, and 
blood meal the bacterial activities rise from August to October, 
with a tendency to fjdl or remain constant in November, rising to a 
maximum in December. This was followed by a ^minimum in 
February and a low maximum in April, and from April to July there 
was a slight fall which probably continued to a summer minimum 
commencing in August. 

Moisture. "The influence of moisture on the ammonia formed in 
the soil is very great. Lipman and Brown found ammonifieation 
in a loam soil increased wdth increased water content even up to 
do per cent, of the weight of the soil. However, later they and 
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Owen found aininonifieation to increase as the water a,(l(l(‘(l iiic.r(‘jis(Ml 
up to a certain perceiitat^e, which varies witli the ])h\sicjd uaturt* 
of the soil, Init lar^(*r quantities of wat(‘r reduced th(‘ ainiuonin 
recovered. The work clearly demonstrated that (h(‘ oj)tiiuuin 
moisture content for maximum aininonifieation is higher than it is 
for maximum nitrification. The (juantitative dilVerenec hetwtHMi 
the two processes in the same soil was found liy Sharp. Ammoni- 
fication was most rapid with a 25 per ctmt. moisture (‘ontiait and was 
not markedly atfected by d jier cent, differences. Nitrification was 
at its maximum when the soil contained Ih pin- cent, of water. When 
it was increased to 25 ])er cent., the rate of nitrification was (h'creased 
50 p(‘r cent. 

The work of (Ireaves and Carter shows that ammonification is 
at its maximum in a soil containing (iO ])cr cent, of its water-holding 
capacity, as is illustrated in Fig. 2‘) which gives the n'sults obtained 
with twenty-two soils. Moreover, according to Briggs the moisture- 
holding capacity, the wilting coefficient, the moisture equivalent, 
and the hygroscopic coefficient arc related liy linear cijuations: 

C = 2.9 w + 21 

C = 1.57 E + 21 

C = 4. 20 11 f 21 

where C is written for the moisture capacit\ as defined In flilgard, 
O' for wilting coefficient, II for moisture ('(jui\ alcnt, and II for 
hygroscojiic coefficient. Therefore, taking the maximum ammoni- 
cation at ().(> of the water-holding capacity wc could rehitc th(‘se 
other soil constants to ma.xiiiium aininonifieation by a similar set of 
linear equations. Thus: 

Mil - .942 E F !2.() 

Mu - 1.74 W + 12.0 

Mu - 2.55 11 + 12 0 


writing Ma for per cent, water for maximum ammonification. 

Variation in moisture content of a soil changes its ammonifying 
flora, for soils held at various moisture contents for sex eral months 
show different ammonifying efficieiiey, as may be sei'ii Irom the 
following results obtained by Greaves and Carter, d hese soils 
were held at the indicated moisture content for three months and 
then all brought to 20 per cent, moisture and after four days the 
ammonia determined. 

I’cr onrit, .Xmtnonia 

Moisture Adderl . Pro<lur tHl 


12.5 per cent, water 

15.0 per cent, water 

17.5 per cent, water 

20 . 0 per c(;nt. water 

22.5 per cent, water 


1 00 
111 
113 
123 
119 
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This iiKT(‘Msetl aiainonification with increased moisture content is 
due, according to Lipman, to the supi)ression of the aerobic decay 
bacteria and an acceleration of the anaerobic putrefactive bacteria. 



Fig. 29. — Av(!niKC perr.ontage.s of ammonia produced in soils receiving varying 
quantities of water. The quantity produced at 60 per cent, is taken as 100; on the 
ordinate is given the per cent, of ammonia formed whereas on the abscissa is given 
water applied as per cent, of water-holding capacity. 


Aeration.— Carbone considers oxygen essential as a rule to the 
most efficient action of organisms in decomposing organic matter, 
and he points out that it is not possible to segregate the agents of 
decomposition strictly into aerobes and anaerobes. The aerobes 
are the more active agents in the decomposition of carbonaceous 
mat|^ with the formation of humus. But Dzierzbicki found a 
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strong aeration decreased at least in many cases -the (|uantity of 
ammonia si>lit olV from ])e]>tone solutions whicli laid been inoculated 
with soil. Plimmcr, working with a. Dunkirk chiy loam, failed to 
find any optimum oxygen (onbmt for tin* maximum procfindion of 
ammonia, laider purely anath'ohic c(mditions, caused by an 
atmosphere of pure carbon dioxid, there w as sonnwvhat h'ss ammonia 
produced than when oxygen was present at th(' Ix'giniiing, but e\'en 
under these conditions ammonia was formtal in rather large ])ro- 
])ortions. ddiis would probably vary wath th(‘ s])ecific bacterial 
fiorii of the soil, for the work of Marchal demonstrate<l that the 
formation of ammonia is favored by the utihind(M-{Ml access of oxygen, 
and in the process considerable quantities of oxygen an; used up and 
a nearly corresponding (quantity of carbon dioxid iimduced. 'bhere 
is the iiossibility of the carbon dioxid resulting from side reactions, 
the oxidation of the carbon chain com]>ounds wliich have been 
deaminized, and not due to the main process of ammonification. 
For theoretically, at least, ammonilication can b{‘ considered as a 
true hydrolytic reaction. The micnxh'ganism, how(‘ver, gets its 
energy from the oxidation of the carbon, and where conditions are 
favorable ammonia production follows very clost'ly the evolution 
of carbon dioxid. But (lainey found unfavorable conditions tt) 
have a more detrimental eIVcct u])on the formation of ammonia than 
ui>on the production of carbon dioxid. 

Lime and Magnesia. - These exert a marked (‘Ifect on ammoni- 
fication, and Vorhees, lapinan, and Browai found magnesium lime 
usually superior to non-magnesium lime in this ix'spect. Its effect 
varied, depending upon tin; c-harac'ter of the organic matter to be 
ammonified and the crop grown u}K)ii tin; soil. Id]>man, Brown, 
and Owen found lime carbonate in which tin* large* ])cr cent, of 
boron proved to be the factor which hindenal decay bacteria. 

The increased ammonia resulting from the use; of the magnesium 
lime may be due to an apparent anel ne)t to a real ine*rease in ammoni- 
fication. For Fischer has noteel that calcium carbe)nate increaseel 
the speed with which amnmnia sulphate is transfbrmeel inte) i)re)tein 
to a greater extent than did magnesium e*arbonate. ]VTe)re‘o\'er, 
Lipman and Green found that magnesium carbeenate interferes with 
the speed with which nitrite is converted into nitrate which would 
slow down the action of tlie nitrosomonas. In either case this 
would increase the accumulation of ammonia in the soil, which may 
be interpreted as increased ammonification. 

Phosphorus.— In experiments on ammonia cleavage by Dzicrzbicki 
in i^eptone solutions, it was found that the intensity of such cleavage 
depends not only on the bacterial flora of the soil l)ut more so on its^ 
chemical comjx)sition and especially on the ])resence ol phosphoric 
acid. Monocalcium and dicalcium phosphate are equally effective, 
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according to lyipmaii, in stiinulating the activities of the decay 
bacteria. 44iomas slag increases the production of ammonia to 
a considerable extent. Where acid pho.sphate is ai)plied to a soil 
the increased aminonification resulting, according to McLean and 
Wilson, is due to fungi rather than to bacteria, but this would 
probably vary with the magnesium and calcium carbonate content 
of the soil. 

Chemistry of the Process.— HettgcT and his a.ssociates have shown 
that bacteria are unable to attack or bring about the decomposition 
of proteins without the aid of enzymes or other ])roteolytic agents, 
whereas Itano using the formal titration method of Sorenson has 
shown that B. suhtilLs' ])rodm‘Ct^ a gradual increas(‘ of formal-titrating 
nitrogen for a period of two hundred and forty hours. 44ie greatest 
proteolysis took place' toward the optimum hydrogeii-ion concentra- 
tion. He, therefore, suggested that the enzyme is])robably tryj)tic- 
like in nature', and enelocellular. Moreover, as was seen in the ])reced- 
ing cha]>ter, a number e)f ainiim-aciels have* been ise)lateel from the se)il. 
Hence it is me)st natural to assume that the elisintegratie)n of pre> 
teins in the soil is primarily in'otein hyeire)lysis catalyzt'el by endo- 
e)r exo-enzymes secreteel by the decay bacteria. The enzymes - 
pepsin, tri psin, erei]>sin, anel probably other ]>rotoclastic enzymes — 
are capable of hydrolyzing proteins with the formation of some 
eighteen amino-acids. The niimber and fpiantity of ('ach depends 
upon the specific protein hydrolyz('d. Jncomplete hydrolysis 
results in the protluction of a number of intermediate substances 
variously designated in the order of decreasing complexity - 
proteoses, pt'ptones, and polypeptids. 

Taylor suggests the scheme given on page 205 as indicating the 
stages in the hydrolysis of the protein molecule. 

There are reasons for believing that in the process of ammonifica- 
tion the hydrol\ sis is similar to this, for Marchal showed that the 
ammonifiers are capable of hydrolyzing proteins, proteoses, and 
peptones. Moreover, many of the ]>rotein hydrolytic i)roducts are 
found in the soil, and Mi,>'aka has .shown from a mathematical 
analysis that the process of aminonification is an autoeatalytic 
chemical reaction in which the increase of ammonia in the process 
is in accordance with the formula : 

Lok X 

K(t-ti) 

A X 

Where x is the amount of ammonia which has been produced at 
time a is the total amount of ammonia jiroduced during the 
process, K is a constant, and h is the time at which half of the total 
amount of ammonia is produced. 
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^ / Peptid— >amino-acid5 

Polypepud . Amino-acids 
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The (luiintity and quality of the products formcrl would de]>end 
upon the s}>e(*ific en/A ine or (Mizyines secn'ted tlie inicroorgan- 
isius. Where ])e])siu is the uiaiii ferment large (juantities of proteoses 
and ]>eptones would he formed, while if trypsin is th(‘ active agent 
the amino-acids would also occur, and with erepsin the amino-acids 
would be formed even more rapidl}. It is not unreasonal)lc to 
suppose that in a soil having a high ammonifying efficiency the 
ammonifying flora are not only numerous but they are active 
secreters of ])roteoelastic ferments. Moreover, this disintegration 
of the protein inok'cnle which eventuallN con\ (‘rts nearly the whole 
of th(‘ organic nitrogen into ammonia results from the combined 
action of numerous microorganisms of different species. The 
products elaborated by one class ])robably serve as the point of 
attack for another. 

Potter and Snyder found there was no tendency for th(‘ amino- 
acids to accumulate in the soil, but they fluctuated with the ammonia, 
thus indicating a coinu'ction between the two. Jodidi added 
various amino-a(*ids and acid amids, including gl\’(*ocol, leucin, 
phenylalanln, as])aragin, as]>artic aci<l, glutanie acid, tyrosin, 
alanin, cadaverin, ac(‘timid and ])ro])ionamid to the soil, and after 
from two to tern da\s determined the ammonia, although the 
transformation was not (juantitative, i)rol);d)l\ due to other reac- 
tions occurring simnltaneousl.\'. "Wt it was (‘xidemt that the 
amino-acids and acid amids examined readily undergo in the soil 
the process of ammonification, and, all other things being equal, the 
rate of transformation is greatly inllueneed by the ehemieal struct- 
ure so that amino-acids and acid amids of (‘cjual structure yield 
about the sann* ])roportion of ammonia. 

Ktl'ront in 1905 demonstrated that there are produced by soil 
bacteria amidases. ddie ])rocess of deamination was at first 
thouglit to be one of sim])le liydrolysis, as follows: 

R ( H NR .2 — ( OOH + HOH - K - ( HOH — COOII + NH 3 

But Neubauer and Froinberz concluded that the primary pathway 
of deamination within the animal organism was oxidative and not 
hydrolytic: 

R R R 

I II I on I 

2C/ + O 2 = 2V./ 2<:.’ - O -f 2 NII 3 

|\NU2 |\NIl2 I 

Ca)OH COOH COOII 

Ainino-.ifid Oxy-amino-acid K<do-aci<ls 

'^Idic amino-acids containing sulphur would i)robabIy in the 
presence of sufficient oxygen first oxidize the sulphur atom forming a 
derivative of sulphuric acid: 

CII2SII (RRSOaH 

I I 

2 CH NH2 + 3O2 = 2 CH NHv — 


CQOH 


COOH 
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And this would bo deaminized: 


C^H^SOaH 

('H,8().d[ 

cHnScur 

1 n 

1 on 

1 

ic/ + o. 

^ ( \/ 

2 (: = o 

\\mh 

r\Nih 

1 

COOII 

(a)()ii 

coon 


In any case tlie resulting aniinoiiia would be (ixed witliiii th(‘ soil 
by the zeolites, acid radicals, or lost through volalili/atioii. That 
which is retained in the soil is lat(‘r taktui uj) by i)lants or trans- 
formed by bact(‘ria into ])roteiu or uitrjitc uitrogcii. 

For each molecule of ammonia formed thcr(MV»)uld n^sult a corre- 
sponding inoK'Cule of volatile acid, or oxy-acid, or else of alcohol 
which may serve as a source of carbon for otlu'r microorganisms, 
possible for the azofiers. 


nivl-KHKNCKS. 


Loliiiis, 1'.; “Haiidbuch dcr L:iu«l\vir1scli:tftliclifti IbiktcrioloKii'.” 

Lafar, I'lanz: “ IlaiHlhufli dcr 'I'cclinisclicn MykoloKi*', ’ l)ri(lrr U.mihI. 
Yoorheos, iMlward, and Lii)tiiaii, .1. (1.: “ Uevit-w of I iix t si igations in boil 

nacterioloffy ” (11.8. D. A. OIT. Kxp. 8ta. Hul. UM). 



CHAPTER XXI. 


NITRIFK’ATJON. 

'I'liE term iiitrifieatioii refers to the oxitlatioii oi etlier ammonia 
or nitrites to nitrates. It is often used in a broader sense to im])ly 
the ])r()dnetioii of nitrates from de(*omposin^ organic material, 
ddu' nitrification was made use of in tlie manufacture of 

salt}K‘ter to su])])1n' the larg(‘ (piantities* of gunpowder consumed 
in the almost incessant wars of Kuro])e. In the eigbtt'en centiuw' 
the artificial production of salt]>eter in beds of decaying organic 
matter reacluMl a liigh degree of perfection. Especially Avas this 
true in Sweden, Switzerland, and France, wlnnu' nitre was collected 
as a i>art of eacli farmer’s tax. In the year 1777 the French, (b)vern- 
ment issued s])ecial instructions for manufacture of saltpeter. In 
tliest' there was giAaai s])ecial attention to the form of pit to be 
us('d, the covering of the organic matter, the arrangement for the 
free (aitr\' of air, th(^ necessity of a ininend base, and the o])timum 
amount of moisture which was best supi>lied from the drainage of 
stables. 

Early Theories. hA tai though the i)rocess had reached such a 
high state of de\ elo])ment, the underlying ])rinciples were (uitirely 
unknown until the last third of the nineteenth century. At this 
tinu' attem])ts were made to explain the oxidation of ammonia to 
nitric acid, on the strength of certain chemical n'actions whicli 
could be brought about in the laboratory, d’hese were the experi- 
mcMits of Kuhlmann and Dumas. The first imcstigator found, 
on passing ammonia and air through a heated tube containing 
a platinum s})onge, that they combined with the formation of 
ammonium nitrate, while Dumas found that nitric acid was pro- 
duced when air and ammonia were heated to 100° (’. with moist- 
ened lime. It was considered possible that the ])orosity of the 
soil could act as did the platinum s])onge or the lime of the soil 
act in a manner similar to that used in Dumas’ experimcmts. After 
the discovery of ozone 1\>’ Schonbein this substance was used to 
ex])Iain all natural ]>rocesses of oxidation, and hence naturally the 
case with nitrification. Mulder stated that investigations had 
shown that ozone is capable of oxidizing ammonia to nitric acid 
and water, and that it is probable that the same reaction could 
take ])lace in the soil, the .soil acting merely as a catalyzer in the 
reaction. 
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It may be seen that in all the early tlu'ories it was siipposc'd 
to be a purely chemical jh-occss; it was not until th(‘ time of Tastimr 
that the biological ex])lanation for the formation of nitratt's r(‘c(‘i\'e(l 
any support. 

It is interesting, however, to note the carc'fnl work of Bous- 
singault in the years between 1800 and 1S7S, on the natural occur- 
ring saltpeter beds, especially those of Pern and I'cnador. He 
raised the question; “Have not the nitrates in these natural dejmsits 
resulted from the breaking down of organic substances rich in 
nitrogen?” for it h;id long been the praetici* to ns(' blood, urine, 
and other animal refuse for the ])roduction of nitrates. For this 
reason, Jioussingault did not think it likely that tlie gaseous nitro- 
gen of the air played a very great part in th(' proc('ss of nitrifica- 
tion. In order to test this, he jilaced soil with known nitrogen 
content in 100-liter jars and allowed them to remain for eh'ven 
years. At the end of this tim(‘ they were analyzed, and, in si)ite 
of the fact that a very active nitrification had takem ])hice, there 
was no increase in the total nitrogen of the soil. From this he 
concluded that free nitrogen takes no i>art in the formation of 
nitrates, but that they result from the organic matter of tlu' soil. 
In another set of experiments he added organic immure to soil, 
sand, and chalk, and left them to nitrify, lie obtained an active 
nitrification in the soil, but noiu* in the sand or chalk. 'Phis fact 
had a great influence on the old theories of nitrification. Wliy this 
difference if the soil acts merely as a catalyzer? It may be said 
that this was the liegiiming of th(‘ end of tlu‘ old chemical tlu'ories 
of nitrifi(‘ation. 

The Dawn of the Biological Theory. —At this tinu' (1878) the 
work of Pasteur was beginning to take firm root. 'Phere had 
appeared a, series of reports on fermentation, one of the earliest 
(1862) being on the fermentation of acetic acid. 'Phis was siinilar 
to nitrification, for it was known that alcohol could be oxidized 
to acetic acid by use of the platinum si)ong(*. In fact in this early 
publication Pasteur suggested that nitrification was due to a fer- 
ment, and soon after Muller observed that the ammonia in sewerage 
is rapidly changed into nitrates, but no corres|)onding change takes 
place in pure ammonia solution. He suggested that the sewage 
probably contained a ferment which was absent from the ])ure 
solution prepared in the laboratory. He, however, took no stej)s 
to prove that the process was a true fermentation. Between 
1871-75 Gilbert noted that the drainage waters from the Kothainsted 
experiment fields contained more nitrates as the aminoninm salts 
applied to the soil increased. 

To the chemists, Schlosing and Miintz, belongs the credit of 
establishing by experiment the fact that nitrification is a biological 
process. They were trying to ascertain if the presence of humus is 

14 
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essential in the purification of sewage by soil. Tliey filled a glass 
tube out' meter long with ignited quartz sand and powdered lime- 
stone. Sewage passed through his filter at first unchanged, but 
later nitrates began to ai)pear, and soon the filtrate contained 
no ammonium salts. They suspected mi(*roorganisms as being 
the active' agent, and hence treated the contents with chloroform 
vapor. Nitrification entirely ceased ami was not renewed for 
seven weeks, although the supply of chloroform was susix'iided. 
A water extract of fresh garden soil added to the tube soon restarted 
the process. 

These exi>eriments were immediately repeatt'd by Warington who 
confirmed the results of Schlosing and Miintz and showed that; 
(1) The ]>ower of nitrification could be communicated to media 
which did not nitrify by simply seeding them with a nitrifying 
substance; (2) the process of nitrification in garden soil is entirely 
suspended by the presence of the va])or of chloroform or carbon 
disulphid. Since these early ex])erinH‘nts much additional proof 
has been furnished b,N^ investigators showing that the process of 
nitrification both in soils and waters is nndoubtedly due to living 
microorganisms. Some of these are the limits of temperature 
within wliich nitrification is possil)le, the necessity of a suitable 
food, and finally the isolation of s])ecific organisms having the 
|)owcr of ]>roducing nitrates. 

Schlosing and Miintz were unable to isolate any specific ferment 
capable of causing nitrification, but the true nature of the process 
not being known, many investigators turned to this phase of the 
work and the race to s('e who would first reach the coveted goal be- 
came intensely interesting. Celli-Zuco and ITeraeus, in 188(), suc- 
ceeded in isolating from water rich in nitrates 'a number of forms of 
bacteria whifh they considered i)ossessed ^'ery fet'ble nitrifying 
prop(‘rti('s. Inasmuch as the nitric acid in their cultures may have 
been absorbed from the air, and as they did not succeed in isolat- 
ing and ])roving any organism to be ca])able of nitrification their 
experiments were considered to be inconclusive. Frank attempted 
a similar isolation but without success, and he (‘ven concluded 
that nitrification was not du(* to the direct action of microorganisms 
but was a, ])urely chemical process, lint this view was o])posed 
In a number of writers, notably Landolt, Platt, and Jhiumann. 

\\'arington and Frankland studied a large number of soil organ- 
isms, but neither was able to find any which ])roduced active 
nitrification. Frankland continued to maintain that the nitrify- 
ing organism was present in soil, and in 1890 succeeded in isolating 
a spherical organism about 0.8 m in diameter which possessed the 
power of converting ammonium salts into nitrites, but not into 
nitrates. The separation was made by means of the dilution 
method, using only inorganic salts. 
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Isolation of Nitrifying Ferments. ' PI r* only definite result wliieh 
had' been rt‘aehcd up to 1890 was tluit th(‘n' must (‘xist iu soil 
microorganisms which i)ossess the ])ower of* nitrit'viug. However, 
up to the time Winogradsky took u]) the subject idl iitt(un]>ts to 
isolate such organisms had proved futile. Ills ]>revious ex])erience 
had been such as to confirm his belief in such organisms. Me had 
discovered microorganisms which oxidized hydrog(*n sulphid 
(sulpho-bacteria) and an iron compound (ferro-baeteria). Me 
reasoned that it was extremely ])robable that organisms should exist 
in water and in soil capable of availing themselves of* the abundant 
energy which would come from the oxidation of tin* ammonium 
com])ounds (contained therein. Me considered that the numlxT of 
such species would be small and that the way to secure' and study 
such organisms would be: (1) To find a medium and condition 
under which they would thrive and by whie h the growth of deni- 
trifying organisms would be discourageel; (2) to continue tlu' culti- 
vation by such a method long enough to <'limin:it(' for the most 
part other organisms; and (2) when the cultures of the oxidizing 
organisms should have been obtaiiu'd ri'asonably pure and -their 
nitrification of ammonia active, to proceeal to isolate' the varieius 
organisms and study the character, anel esjieciall.N' the: nitrifying 
power e)f each in pure cultures. 1 le kne'W that all iirevieens attempts 
to iseelate the organism on gelatin ])late's had faile'd and he cein- 
sieleieel that jirobably the eirganism weailel iieit grow e)n ge'latin. 
He began by working with two soils, eine* rie-li in organie* nmtter, 
the other peieir, but both rich in carbeinate', anel soon he* le'ariie'd that 
organic matter hinelercd nitrification. After ceeuside'rabh' we)rk he 
finally adopte:el a medium having the folleewing compositieiii: 

Water of Lake Zuricli 1000 c.c. 

Amnionium .sulphate 1 gm. 

Potassium phosphate ... 1 gm. 

Magnesium carlx)natc 0. 0 1 gni. pt-r 100 c.c. 

When such a medium was inoeulated with suitable material, 
nitrification was so active that after fifte'cn elays e:very trace eef 
ammonia had disap})eared, whereas cht:ck sedution coiitaine'd eenly 
slight traces of nitric acid. 

('ultures were continued anel repeateel in this medium fetr three 
months, when he considered that only the eerganisms suited to 
this medium had survived. These were ine)culateel eeii te) gelatin 
plates and five species of organisms were founel to fejrm colonies - 
three bacteria, one oklium, and the fifth a ]x:euliar organism which 
he designated as “fungus.” None, however, possessed the power 
of converting ammonia into nitric acid. 

In the liquid cultures it was observed that a very thin film gradu- 
ally formed on the surface of the culture and at times a slight 
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cloudiness of the solution was noted. The latter disappeared 
after a time and a inicroscopic examination showed it to be due 
to the presence of an oval somewhat spindlc-Shapcd organism 
which moved about very rapidly. Nitrification was at the same 
time very active. It was thought that the film on the surface 
might contain the nitrifying organisms as the acetic acid ba(;teria 
and other oxidizing ferments work at the surface where plenty of 
oxygen can be obtained, but tests with this gave negative results. 

The plan of work was then somewhat changed. The attempt 
was made to cultivate tht^ nitrifying organisms more al)undantly. 
To this cud a (piantity of anunoniurn sulphate was added to the 



Fig. 30. — Surface colonie.s of iiitrosoinoiias on silicic acid gelatin, stained with 
Fuchsin without removal from the gelatin. X 1200. (After Gibbs: Soil Science.) 

nitrifying cultures, and the jirocess of nitrification thus continued 
in the culture for some time. A change was noticed in the mag- 
nesium carbonate at the bottom of the solution which gradually 
assumed a grayish color and a gelatinous consistency. By shaking 
the solution vigorously this mass was broken up into small flakes, 
which a microscopic examination showed to consist of transparent 
particles of the salt covered with a mass of oval baf’teria, identical 
in form with those which had previously been noticed as the cause 
of the cloudiness. These bacteria seemed to be on the particles 
exclusively and not on the walls of the flask, and slowly enveloped 
the salt which was finally dissolved. 
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A ciilture medium was then prepared which was free fnan ever\' 
trace of organic* matter. On l)eing inoculated, nitrification took 
place in this energetically, and it was found to (*ontain large? nuin- 



Fio. 31. — Nitrobacteria from cultures in liquid medium stained with carbol 1’ uchsin. 
X 2500. (After Gibbs; Soil Science ) 


hers of the oval bacteria, as well as the fungus form^ ])reviously 
noticed, but the other forms had all disappeared. The fungus 
remained constant, and all attempts to cultivate it out were unsuc- 
cessful. 
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4"ho research was thus brought to the stage where it seemed 
probable tliat the oval bacteria might be the nitrifying agents. 
To test their nature and action satisfactorily the removal of the 
sprouting fungus was called for. To accomplish this, Winogradsky 
resorted to a very ingenious though a simple device. The fungus 
would develop in gelatin; the bacteria would not. Small particles 
of the carbonate, more or less enveloped by the bacteria, were 
taken from the bottom of the culture flask by means of a capillary 
tube and i)laced in a large flask of sterilized water. *^1110 contents 
of the flask were then well shaken and a gelatin ])late inoculated, 
with drops of the licjuid, the i)articles of carbonate serving to indi- 
cate the places where the gelatin had been inoculated. In some 
of these the fungus develo])ed. Inoculations of the culture liquid 
from the other s]>ots failecl to yield the fungus but developed the 
bacteria. By this method of “inverse gelatin culture” the bacteria 
were ol)tained pure. laquid cultures inoculated with the bacteria 
oxidized ammonia rapidly. The inference was that the bacteria 
were the nitrifying organisms of the soil. 

Winogradsky describes the nitrite-forming organisms as of oval 
form, about 1.1 to l.S n long and 0.9 to 1 /z wide, usually at rest but 
at times capable of motion and dividing perpendicularly to the 
longest axis. lie ]>laces it in a genus by itself, which he calls 
Nitn)S()7UAynas. 

Tlie nitrate-forming organism, nitrobacter, is 0.3 to 0.4 g wide 
and about 1 yu long. The cells occur singly or in pairs and occa- 
sionally in threes. They are spindle-shaped, non-motile, and 
possess a caj)sule which makes them difficult to stain. 

By way of comparing the activity of the nitrobacter with that 
of the ferments as they actually occur in soil, Winogradsky made 
a scries of experiments to compare the amount of nitrification in 
his culture liquid with that observed by vSehlbsing in a soil to 
which, however, more oxygen had access than was the case with 
Winogradsky’s liquid. 

While in Schldsing’s experiments by the use of 200 grams of 
earth, 3.4, 9, and 4.1 mg.- of nitrogen, respectively, were nitrified, 
Winogradsky’s pure cultures of bacteria nitrified 860 mg. of ammo- 
nium sulphate in twenty-seven days and 930 mg. in thirty days. 
Therefore, during the period at which nitrification was most ener- 
getic there would be formed about 7.2 mg. of nitrogen per day. 

Winogradsky further investigated the interesting and very 
remarkable fact ]^reviously cited, that the nitrobacter, although 
containing no chloroi>hyli, grows and is able to multiply in a solu- 
tion entirely free from organic matter. To prove this fact beyond 
doubt he ja-epared a culture medium absolutely free from every 
trace of organic matter by using twice distilled and tested water 
and salts which had been carefully purified by recrystallization. 
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He thoroughly removed all orgauie matter from tlu* glass dishes 
and apj)aratus to be used, and Inoculated s(‘|)arate ])orti()us oi 
the medium with the nitrol)aeter. The cultures d(‘\'eloi)('d nor- 
mally ill the dark as well as iii the light. To gain an idea of the 
extent of the assimilation of carbon, the carbon in the orgaui<‘ 
matter which had been formed by the organism in its growth was 
determined by analysis. Four enltnres eontaint'd 10.2, 7.1, l.b, 
and 4.(S mg., respectively, of assimilated earl)on, and in th('S(‘ 
enltnres 92(S, 1)04, and <S.4.r) mg., res])eetive!y, of nitric acid ha<l 
been formed. This seemed to leave no doubt that nitrobjiett'i* is 
able to assimilate the carbon of carbonic acid. 

Later, in 1891, Warington, in a solution containing miiuM'al 
salts, obtained after repeated generation a enltnr(‘ which nitrifi('d 
vigorously. This contained no organisms which would grow on 
gelatin and was regarded by him as containing only nitrilying 
bacteria. The organisms thus obtaiiu'd were' o\al in form and 
seldom I mieromillimeter thick and only slight !>' longer. 

At this time Winogradsky made a (h‘ci<l('d iini)ro\'(‘men( in the 
separation of the nitrifying organism from solutions by use ol the 
Kuhne gelatin silica medium. The nutrient basis of this niedinin 
as used by Winogradsky was composed of annnoniuiu sul])hat(\ 0.41 
grams; magnesium sulphate, 0.05 grams; ])otassiuin ])hosphat(', 0.1 
gram; sodium cjirbonate, 0.0 0.9 gram; ealciuni ehlorid, a trace; 
and water, 100 c.c. 

The inoculation of the ])lates took ])Iac(' (‘ither by mixing th(‘ 
inoculating material with the above solution before^ the' addition 
of gelatinous silic'a, or it was made as a streak or snuxir culture 
on the alrcxidy hardent'd material. In this way the nitrilying 
organisms developed distinct colonies from which iinrc* cultures 
were obtained. 

The investigations of Winogradsky and sinmltanc'onsly oi 
ington showed the following: (1) That in the soil the nitrii\ing 
process was effected l)y two distinct but closc'ly related organisms, 
the one converting ammonia into nitrous acid and nitrite and the 
other changing the nitrites into nitrates. (2) 4'hat these* two 
processes follow one another in such rapid succession that the 
production of nitrites is only a transitory ])h(“nomenon, so that 
if bcjth the nitrite and nitrate organism bc^ added to sterilized soil 
the process is completed in the natural way, onl> the* merest traces 
of nitrous acid appearing. 

If to a mineral solution containing ammonium salts, a pure cul- 
ture of nitrosoinonas be added, only nitrites will appear and these 
wall remain unchanged in the absence of the nitrobaeter. It, 
however, the two organisms be added simultaneously nitrates will 
be rapidly formed. 
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According to Kjiscrer there is an organism which can oxidize 
ammonia direct to nitric acid, hut so far this has not been conhrmed. 

In 1802 Winogradsky studied the nitrifying organisms of the 
soil from a number of diherent localities. Tliose from several 
])arts of luirope, from Africa, and from Japan, which he considers 
to be th(‘ same organism, he names Nitrosomonas europea. A second 
form from -lava soil differing from the first, he names Nitrominonas 
javenemifi. Both of these comprise tlie nitrate ferments of Wino- 
gradsky, the second nitrate ferment was isolated by Winogradsky 
from Quito soil and differs from the first not only as to sizt*, as 
above mentioned, but also l)y entirely lacking the motility common 
to the latter. 

In 1896 Burri and Stntzer isolated from soil a nitrate organism 
with ])ropcrtics akin to the Quito bacillus of Winogradsky. It was 
a motile organism, 0.76 1.6 x 0.6 micromillimeters, growing 

on gelatin which it li(pH‘fied, said organism, according to these 
workers, bcijig al)le to conv(‘rt nitrites into nitrates, bnt losing 
such i)owcr when grown on organic media. 

dJic results of liurri and Stntzer, so contrary to those of Wino- 
gradsky, brought forth a A'igorous rejoinder from the latter. In 
this Winogradsky statccl that he tcvsterl the .sann^ earth used by 
Burri and Stutzerand isolated therefrom his own nitrosovionas , and 
that th{^ latter w hen tested in bouillon, meat peptone, gelatin, and 
agar failed to grow. lbs then‘for<‘, reganls the (lerman work as 
erroneous. 

In 1897 Stutz(‘r and Ilartleb a])peared witli a still more startling 
series of disci A cries in which they not only maintained the ability 
of the nitrifying organisms to grow in organic media, but also 
showed that the latter possessed a polymorphic habit never imag- 
ined in this or any other like groiij) in the whole domain of mycol- 
ogy the ability of .simph^ coccoid or rod-shaped forms to develop 
into filaiiKuits or even into branched forms, with the further pro- 
duction of true gonidia and other even more highly organized 
fructification bodies. 

(Partner discussed the work of Burri, Stntzer and Ilartleb on the 
polymor])hism of the nitrifying organism, and from presumably 
pure cultures of the latter’s nitrifying ferment was able to isolate 
thirteen different microorganisms, including a fungus form (Schim- 
melpilz), thus proving their impure character. Furthermore, 
Gartner show(‘d that these several organisms, when once separated 
in Ifcir pure state, retained their fixed character, with no tendency 
to 'fjfolyniorphism, and indicated none of those transition stages 
from bacteria to fungi noted by Stutzer. Again, none of these 
isolated organisms possessed the ])ower to convert ammonia into 
nitrites. G. Fraenkel simultaneously isolated from Burri and 
Stutzer’s cultures 11 different organisms, including 7 bacilli 
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2 streptotlirices, and 2 fungi (a Fadenpilz and a Schiinmelpilz). 
Those showed no ])()lyniorphism, hut all retniiied eonstant char- 
acters. 

In 1902 (diestx'r snininarized tlie knowledge on iiitriticatioii as 
follows: 

1. That nitrification in the soil is caused hv a distinct or rather 
hy two distinct organisms ])ossessing Certain definite characters. 

2. That these organisms will not grow in tlie ])res(Mic(‘ of any 
considerable amount of organic matt(‘r, and that all reported 
attempts to cultivate them on ordinary organic media art; without 
authentication. 

d. That the above nitrifying organisms art' found abundantly 
in all cultivated soils and in ordinary soil water containipg a due 
proportion of ammonium carbonate, sulphate, (‘tc., tlu'y find a favor- 
able medium for their develo])ment. 

4. That the result of such develoi)ment is: (//) Tlu' conversion 
of ainmonia into nitrous acids through the ag<Micy of th(‘ nitrous 
organism; and (/>) the immediate conversion of the ])r(‘vious nitrons 
into nitric acid by means of the equally abundant nitric h^rmi'iit. 

Distribution. Probably the nitrifying bacteria w('n‘ soiih; of the 
first living organisms to a])]>ear upon this planet, and even yet 
they act as the jhoneers ])reparing the soil for otlaa* ])lants. Miintz 
has found the decayed rocks of Alpine summits, v ht're no other 
life exists, swarming with the nitrifying ferments, 'riie limestones 
and micaceous schists of the ]*ic du Alidi, in the Pyrenees, and the 
decayed calcareous schists of the Faulhorn, in th(‘ Ih riu'se Ober- 
la,nd, offer good examples of tliis kind, ddie organisms draw their 
nourishment from the nitrogen compounds brought down in snow 
and rain; they convert the ammonia intf) nitric acid, and this in 
turn corrodes the calcareous portions of the rock. Stiitzer and 
Hartleb have ol)served a similar decom])osition of cement by 
nitrifying bacteria. 

The nitrifying bacteria ap})ear to be very widely distributed 
Miintz and Aubin have observed their presence not only in all 
cultivated soils which they have examined, but also in those of 
deserts. They are not usually found in the air or in rain water. 
Iliver water and sewage contain them. They are usually ])resent 
in well waters. In the case of deep wells their origin is due to 
surface soil or to drainage from the surface soil which has found 
its way into the well, the water of deep wells not being their natural 
habitat. Thomasen found the nitrite organism in sami)les of 
ooze from the bottom of the Kiel Fjord, but not in the sea water 
nor on the Plankton or the fixed algje. It was also found in similar 
samples of soil from the vicinity of Helgoland and in slime from 
the bottom of the Bay of Naples, but only in samples taken near 
the land. 
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Warington failed to find the nitrifying ferments in a ehay soil 
below eighteen inches, and this is in keeping with the findings of 
Ladd at North Dakota. For a long time it was considered that 
they are fonnd only in the surface soil, but in 19()(i Welbel pre- 
sented results with soils where nitrification is almost as active in 
the sul)soil as in the surface soil when the subsoil is aerated. In 
1912 (\ H. lapinan found them often to a depth of five or six feet 
in soils of the arid regions. In one ease soil from the eight-foot 
depth showed a vigorous nitrif\ ing j)ower. '^riie author found soil 
from second and third foot-sections to nitrify dried blood quite 
readily;, as is shown l)elow: 



I rri Rated 

Drv-far 

Depth 

Soil 

Soil 

First tvvolvc iiichc.s .... 

. . . . 

.') . 25 

Second twelve inches 

. . . . 2.70 

2.41 

Third tweh e inelies .... 

. . . . 1 . US 

1.55 


ddiese are the averages of several hun<lred examinations, and 
many soils which were fairly heavy clays showed active nitrifica- 
tion in the second and third foot-sections. This great dilference 
observed in the arid regions is due mainly to a better aeration of 
these subsoils which, bt'cause of the ])e(*uliar climatic conditions, 
the arid soils are not as rich in clay as are the subsoils of the humid 
regions. Moreover, the plants in the arid regions root to a great 
de})th in search of water. These decaying roots loosen up the 
subsoil and also furnish food for bacterial growth. 

Reaction of Media. Jh)ussingault long ago observed that many 
f(jrest soils do not contain nitrates, and later this was verified by 
Breal and others. VVe now know that the absence of nitrates is 
due to the acid reaction of a soil which contains an excess of organic 
matter. The nitric ferment docs not act in an acid medium; hence, 
we have the explanation of the great benefit derived from the use 
of basic substance. 

Experiments by Wile^' and Elwell in which solutions containing 
calcium chlorid and water were .seeded with nitrifying ferments 
continued to nitrif\' until the medium contained an acidity equiva- 
lent to 4 c.e. of normal acid per 100. 

Dumont and Crochetelle’s experiments are of the same order. 
They took soil which had been in grass from time immemorial and 
which contained 0.84 per cent, of humus. This was treated with 
variable quantities of potassium carbonate. It was stirred and 
watered several times during the exjx?riment and after one month 
the nitrates were extracted with the following results: nitric nitro- ** 
gen, per 1000 grams, of soil without addition of potassium car- 
bonate, 70 mgs.; witli 1 gram of potassium carbonate, 160 mgs.; 
with 2 grams of potassium carbonate, 230 mgs. ; with 3 grams, 250 
mgs.; with 4 grams, 130 mgs.; with 5 grams, 73 mgs. In similar 
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exj3eriinents, KoduMiavski (leinonstrated that ])()tassiiim carbo- 
nate is more efficient in this regard than is calcinin carbonate, 
probably because the potassium acts as a. food in addition to tlie 
neutralizing of tlie acid. Owen has fomul magnesium carbonate 
even more efficient than ]>otassium carbonate, and tliis is in keep- 
ing with the findings of T>yon, aiid Bizzelf and White. I’angan- 
iban’s findings ap])ear to differ from tbese, for lie claims that liming 
greatly increases nitrification only when the limestoiu* contains little 
magnesium carbonate. The soil of the I’tah (Jrccnvillc farms con- 
tains 1().8S jier cent, of lime (OaO) and (>.l ])er cent, magnesium 
(MgO), and they nitrify ammonium sulphate, dried blood, and 
cottons(‘ed meal readily. 

The (•arbonates are not the only substances in the soil which 
serve as bases for nitrification, since, according to Asliby, a marked 
nitrification of aininonium salt can be brought about in tlie ])reseuce 
of ferric hydrate, either in the freshly precijiitati'd state or as 
“iron rust.” Tn solutions, however, nitrification is not coinjileted 
where iron is the only base, ])robably becaust* tht‘ ferric nitrite or 
nitrate formed dissociates and the solution becomes acid. 

The double ammonium combination formed by tlu' absorption 
of ammonium salts by modelling clay can most probably be nitri- 
fied in the absence of any base, but the corres])onding combination 
with jieat undergoes no nitrification in tlu' absence of a base. 

One of the functions of the base in nitrification is to form ammo- 
nium carbonate, and the facility with which nitrification is set up 
by different carbonates depiaids upon the ra])idity with which 
they can react with a neutral ammonium salt to produce* ammo- 
niuni carbonate. This reaction is greater with magnesium car- 
bonate than with calcium carbonate, but is almost absent with 
coiiper carlionate. 

The quantity of lime which must be added to a soil for maximum 
nitrification varies with the original reaction of the soil and the 
fertilizer to be nitrified; ammonium sulphate ri'Cjuires more than 
bone meal, cottonseed meal, or dried blood. 

There should always be an excess of the base jiri'sent, for Fischer 
found that the theoretical amount of lime (20() grams of calcium 
carbonate) required for the nitrification of ammonium sulphate 
(132.7 grams) was not sufficient for com]>let(‘ nitrification, but 
about three and one-half times the theoretical amount was required. 
Even much larger quantities of either magnesium carbonate or 
calcium carbonate may be used without ill effect, but large quan- 
• fifties of quicklime may cause a rapid burning out of the organic 
matter and even volatilization of ammonia and may even stop 
nitrification. For, while nitrification takes place in a feebly alka- 
line medium, yet the presence of anything beyond a small quan- 
tity of an alkaline salt is a hindrance to the process, and a large 
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amount will check it entirely. Thus Warinpjton found that the 
presence of 0.0‘52 per cent, of bicarbonate of soda distiiictlv^ retarded 
nitrification, and in the presence of O.OOG per cent, nitrification was 
only barely possible. The same author also showed that the 
presence of 0.0477 ])er cent, of ammonia in urine rendered it unnitri- 
fiable. Dumont and Crochetelle found that potassium carbonate 
added to soil at the rate of from 1 to 2.5 jijrains per 1000 grams of 
soil markedly iruTeased nitrification, but larger ap])lications of the 
salt progressively diminislied the rate of nitrification, and that the 
addition of 8 grams per 1000 grams of soil coni])letely checked it. 
A heavy dose of lime by unduly increasing the alkalinity of the 
soil may at first check or susjiend nitrification until the said lime 
has been converted into carbonate. This, how(‘\'er, takes place, 
rapidly, diminishing in turn its .strong alkaline properties and jier- 
mitting nitrification to commence more actively than bid'ore. 

Food Requirements of Nitrifiers.- Th(‘ nitrifying organisms rcMpiire 
the same elements as do other bacteria, and luaice will be (’on.sidertMl 
in this cha])ter only in a very gtaieral wa\ % (*xce]>t in regard to 
the soyrce of the re(|uired elements. 

Winogradsky found that the nitrosomonas were able to grow in 
a medium consisting of 2.25 grams of ammonium sulphate, 2 grams 
of common salt, and 1 grams {)f magnesium carbonate in 1 liter of 
well water. For the nitrobacter the ammonia is replaced by 
sodium nitrite. In media such as the above, de\'oid of organic 
carl)on, the nitrifying organisms are able to function in the dark 
and form from the inorganic carbon, organic (.‘arbon com])ounds. 
He proved by numerous quantitative determinations that during 
nitrification an increase in the amount of carbon compounds takes 
place. “Since this bound carbon in the cultures can have no 
other source than the carboJi dioxid and since the process itself 
can have no other cause than the activity of the nitrifying organ- 
ism, no other alternative was left but to ascribe to it the ])Owcr of 
assimilating carbon dioxid. 

“Since the oxidation of ammonia is the only source of chemical 
energy which the nitrifying organisms can use, it is a priori that 
the yield in assimilation must correspond to the quantity of oxi- 
dized nitrogen. It turned out that an approximately constant 
ratio exists between the values of assimilated carbon and those of 
oxidized nitrogen.” This is illustrated by the following results: 



No. 6. 

No. 6. 

No. 7. 

. No. 8. 

Oxidized nitrogen 

722.0 

506.1 

928.3 

815.4 

Assimilated carbon 

19.7 

15.2 

26.4 

22.4 

Ratio — nitrogen: carbon 

36.6 

33.3 

35.2 

36.4 


It is evident that 1 part of assimilated carbon corresponds to 
about 35.4 parts of oxidized nitrogen or 96 parts of nitrous acid. 
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More recently, Coleman usinji: pure cultures of nitrate producers 
obtained ratios varying; from 40 to 44. 

Now there are two sources of carbon dioxid which are a\^ailable 
to the nitrifyin^^ orKanisms--one, the carbonate, which is ])resent 
in the soil; the other, the carbon, in the air. According to Wino- 
gradsky, the carl)onate su])pli(‘s the carbon for the bacterial growth, 
it being liberated l)y means of the acids, whi(‘h they j^roduce. On 
the other hand, (iodlewski considered that it is chiefly from the 
atmosphere that the carl)on dioxid requisite for the construction of 
new cellular substance is derived. lie found that development 
did not occur in cultures containing magnesium carbonate when 
air free from carbon dioxid was admitted, and concluded that: 
(1) Nitrosoinona-s })laccd in a ]>ure mineral solution are unable to 
assimilate the carbon of magn('sium carbonate; (2) it is \'cry im])rob- 
able that the nitrobacter derive their car})ou from tla^ organic 
substances of the air; (2) it is very ])robable that these organisms 
find the carbon which they need in the free carbonic acid or in the 
carbonic acid of l)icarbonates. Hut Owen, aft(u- careful ex})eri- 
ments in which he used a specially devised flask for the elimination 
of the carbon dioxid of the air, concluded that “the iiitrifying 
organisms of the soil do not dejx'iid to an\' apj)rcclable (‘xtent on 
th(‘ carbon dioxid of the air for tln'ir carbon sn])ply.” Hence, th(‘ 
evidence seems to be that the orgayisms under ap})ro])riate condi- 
tions ])ossess the ]>ower of utilizing either source of carbon. 

The nitrite bacteria obtain their nitrogen both for oxidation in 
the production of energy and as building mat('rial from ammonia 
preferably in the form of ammonium carbonat('. They are, how- 
ever, according to Ashby, able to utilize the doubk' ammonium 
combination formed through the absor]>tion of ammonium salts 
by modelling clay, but the corresponding combination with jxait 
undergoes no nitrification in the absence* of a base. However, 
according to Marcille, the nitrogen of ammonium ])hos])hate is not 
so readily transformed into nitrous acid as is that <4' ammonium 
sulphate. Yet tlie phosphate appears to furnisii a much more favor- 
able medium for the transformation of nitrites into nitrates than 
does the sulphate. 

While calcium cyanamid is nitrified when added to a soil, it is 
not until it has been transformed into ammonia by other l)acteria, 
chief among which are, according to Lohnis, B. putiduni, B. 
mycoides, B. vulgare var., B. zapfii lepsicme (n.s}>.), B. kirclineri 
(n. sp.), B. megaiherium, B.fluorescem, B. siiblilia, B. ellenhachensis 
and B. vulgare. According to l^oullanger, the nitrous organism 
does not attack hydroxylamin.hydrochlorid. 

Excessive quantities of ammonia or ammonium salts hinder the 
multiplication of nitrifying organisms but do not interfere with 
the action of those already present. Boullanger and Massol found 
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tlie miiiiiiiuiii retardiii^r amount of ammonia to he about 2 parts 
per million. It is seldom suffieient ammonia aeeumulatcs in soils 
under natural eonditions to interfere with the multiplieation of 
nitrif\in^j: baeteria. 

Just as all or^ranie nitrojtcn must be ainmonihed btJ'ore it ean 
be changed by tlie nitrosoinonas to nitrous acid, so all ammonia 
eom])ounds must be oxidized to nitrous aeid before tile nitrobaeter 
can eonvert them into nitric acid. The nitrite or^mnism readih' 
oxidizes nearly all nitrites in solutions containinfi; O.o to 1 j^ram 
per liter, but lar^n.r (piantities of the nitrites arc toxic t'Acn to the 
nitromonas. 

Organic Matter. —VVinofTradsky earl\- learned that the nitrifyinjt 
organisms will not grow in a, medium containing s()lu])le organic 
matter, and since that time numerous experiments hiiw l)een 
made to acc*ount for tliis apparent discrepancy. It was well known 
that nitrilication takes place in the soil and compost which contains 
organic material. llenc(‘, the theory was soon advanced that 
organic matter in the form of humus is not injurious and mav 
actuall\ l)t‘ beneficial, as is illustrateil by th<‘ work of Smirnov: ‘ 

Iluinus# NiTHic Nitkoukn IX 100 CUAMS Sou, 

A bcKiiiniDK Afti>r 10 Days M Days After 73 Days 

■ I •"* nJK. 14.0 nm. 28.0 niK. 

O..-^ 21.0 .'ISO .53.0 

vMuntz later (•()nclu(le(l that humus even in larger c|uantities 
does not interfere with nitrifi(‘ation, but on the other hand it is 
favorable to it. Nor is an abundance of humus a necessary (*ondi- 
tion to nitrification, since soils ])oor in this constituent gradually 
develoj) intensive nitrification. He considers that the humus 
favors the. multiidication of the nitrifying organisms and a soil 
which contains a large amount of humus is moix' abundantly sup- 
plieil with tliese organisms and more ajit to enter into rapid nitri- 
fication. i. 

( olcman found dextrose, cane sugar, glycerin, and lactose, in 
small amounts, to fgvor nitrification, and in some cases even as 
much as 1 })er cent, of dextrose^lias proved beneficial. This con- 
clusion has been confirmed* by numerous other workers. Where 
larger (piantities of sugars are used there is usually a disapi)earance 
of nitrates. JJiis is probably due to its favoring other organisms 
which produce protein from the nitrates ratlun- than interfering 
with nitrification or accelerating to a great extent denitrification. 
The optimum amount of organic matter for most rapid nitrification 
varies with the moisture and nature of the soil. Fischer found 
even j^at extract to favor nitrification, while Niklewski claims 
that iutrifi cation occurs in solid stable manure when there is not 
much liquid manure mixed with it, and that on the first day nitrite 
bacteria are found in the manure coming originally not from the 
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stock but from the straw, particles of earth, etc., that stick to the 
manure, 'khese bacteria increase in number until at tlie (‘iid of 
four we(‘ks there may be 1000 ])(*r p:ram of .substance associated 
with the.se. TTeme, we may conclude that the absence of nitri- 
fication which has been noted by various workers when organic 
matter is ])resent imiy be due to some of the following factors: 
(1) Kxc('ssive (luantities of soluble organic matter. This has been 
repeatedly found to be the case wluae (‘xc(\ssi\ (juantities of 
carbohydrates ha\'e been added to the iiK'dia. (2) A low per- 
centage of potassium as suggc.sted by Jlenault. (3) The i>hy.sical 
and chemical properties of the medium, as noted by Stevens and 
Withers. (4) 44ie i>re.sence of fjrganic acid, as is the case in jaaits 
and forest soils. In this condition it is the aeid reaction which 
interferes with the }>rocess and not the organic matter present. 
(.5) A substance may be toxic when tested by tlu' solution nu'thod, 
whereas in the soil it may be inert or actually beneficial. ^ 

Energy. -44ie nitrifying organisms an; devoid of chlorophyll 
and^unction best in the dark, yet they synthesize from the carbon 
dioxid com])lex organic compounds. 4'he (mergy necessary for 
this synthesis is obtained by the nitrosomonas from the oxidation 
of ammonia: 

2 NH 3 + 3 O 2 - 2nN02 + 2il/) + 1.57.G('al. 


and by the nitrobacter from the oxidation of nitrous acid: 
2 HNO 2 + O 2 = 2HN()3 -t- 3(J.Gcal. 


Lafar points out that if the cpiantity of nitrogen oxidized per 
unit of time be taken as the standard for measuring the chemical 
energy of these organisms, the nitrosomonas Avill be found the 
most active of the two. From this fact he concludes that the 
conversion of the trivalent nitrogen of nitrous acid into j^entav- 
alent nitric nitrogen requires the exptmditure of a greater amount 
of internal force than is needed for the first step in the oxidation. 

Metabolism.— The metabolism of these organisms has, therefore, 
been the subject of considerable study. Winogradsky early sug- 
gested that the ammonium carbonate in the first places ]>robably 
gives rise to an amid, somewhat similar to the transforming of 
ammonium carbonate into urea: 
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Tt is quite likely that all organic c^ompounds are first trans- 
formed into ammonia by other organisms before they are nitrified. 
Demoussy found this to be true of monomethylamin, trimethylamin, 
anilin, pyridin, and quinolin, and, according to Ldhnis, calcium 
cyananiid. This is also true for carbamid, thiocarbamid, uric 
acid, acetainid, anilin sulphate, methylamin sulphate, ammonium 
oxalate, as])aragin and ammonium sulphate, wliich, with the excej)- 
tion of thio(*arbamid and anilin sulidiate, are readily transformed, 
according to Bnsley, into ammonia by other bacteria and then 
nitrified. Hence, the early conclusion reached by Winogradsky - 
that pure cnltuix^s of nitrifying bacteria are incapable of nitrifying 
organic nitrogen has been borne out by other investigators. 
Where contrary results have Ihumi re|)orted it has l)een due to 
the prescMice of other organisms by which the nitrogen has been 
converted into ammonia and then nitrified. The process is cata- 
lyzed by oxidizing enzymes which must be specific in their action, 
for Omelianski found the nitrifying organisms unable to oxidize 
mineral compounds such as sodium sulphite and phosphite. 

Oxidation in this case cannot be regarded as being of a violent 
nature and it scarcely seems conceival)le that the nitrovSomonas 
should be able to oxidize ammonia, direct to nitrons acid without 
passing through intermediate stages of oxidation. Most workers 
consider it prol)able that in the oxidation of the ammonium radical 
there are formed certain intermediate substances which must be 
regarded as inon* or less hydroxylated ammonium radicals. 

Mulford, in a study of the bacterial oxidation of aqueous solu- 
tions of anmionium salts on ex])erimental filters inoculated from 
actively nitrifying sewage filters found that the oxidation proceeded 
in a seri('s of stages compatible with the hyj^othesis that the hydro- 
gen atoms are successivt'ly hydroxylated with the subsetpient elimi- 
nation of water. Hydroxylaniin sjdts and salts of hyponitrous 
acid and nitrous acids were found as intermediate compounds. 
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There are, however, two serious ohjeetioiis to these eoiuTisions: 
(J) It is not evident that these initial ehaiiKOs noted by Mulford 
were due to the nitrifying organisms, as a. mixed eiilture wjis us<'d; 
(2) Boullanger and Massol found tliat wliile th(‘ nitrous organism 
accommodates itself to all ordinary ejirhonat<‘s, it do('s not attack 
liydroxylamin hydrochlorid. 

The majority of workers havi* re])()rted a loss of nitrogen in the 
nitrification process, tluTc nevcM* lusug tlie theoretical yield of 11)0 
per cent, of the arnniojiia transformed into nitrous acid, hut this 
may be due to si(k‘ reactions Lafar considers that tlu' loss may 
be due to the reaction of tin* nitrous acid on the iin(h'com})osed 
ammonia in accordaiue with the exjuation: 

N,.(), y 2NH, = I 2N: 

The whole subject of the metabolism of nitrifiers is indefinite 
and in need of (*arcful investigation using the latest rcfiiHsl mctliods. 
The only fact that does seem to be well established is that th(‘ 
process of nitrification goes in two stages from ammonia to nitrons 
acid and from nitrous acid to nitrie acid. That tlu'sc two stej)s 
are due to two cla.sses of organisms is th(‘ claim nl most investi- 
gators. ITowever, Kaserer considers th;P there is an organism, 
B. nitrator, which can oxidize ammonia dirc'ct to nitric acid, the 
reactions being as follows: 

NHn -t- Hy’Os y Os - UNcn t iis) i ciix) ncui. 

(’H^o I O 2 = iryo, y nsiMai. 

It is interesting to note that the reaction catalyzcxl by the nitri- 
fying ferments are .similar to reactions catalyzc'd by nlti\'niolet 
rays. (laudechon exposed solutions at tem]>eratnres of .k)'^ to 50'’ 
(’. for from three to nine hours at a di.stan<*e of O to 0 cm. ironi a 
lamp of 110 watts. ITider these conditions the ultraviolet rays 
•oxidized solutions of ammonia in the presence of oxygen to nitrite's. 
Nitrates were in no case fornu'd. Ammoninni salts were also 
oxidized to nitrites, the reaction being slower in tlie case of the 
sulphates and chlorids than the carbonates. I rea was first con- 
verted into ammonia and then into nitrites. Other organic nitro- 
gen compounds, for example, ethyl- and nu'thylamin, guanidin, 
liydroxylamin, acetarnid, and acetonitril behaved siitiilarly. 

Morphology. “Winogradsky described twr) varieti('s of tlu' organ- 
isms capable of changing ammonia to nitrites. One ol these 111 
several species was found in all the soils of the Old \\orld (Asia, 
Africa and Europe) and is known as nifrosomonas. 1 he sc'cond 
is peculiar to the soil of the New World and lues reci'ived the name 
of nitrosococcus. ^ 

He described a single species of the* nitrosomonas Irom Euroi>eaii 
soils, namely, Nitrosomonas europosa. This organism is provided 
15 
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w ith a single short flagellum and in the early stages of the culture it 
exhibits active powers of locomotion. It appears as short rods 
1.2 1.8 /i long and 0.9 -1.0 /x broad. The cells of Nitrosnvionas 
javanica obtained from the Botanical (larden at Buitenzorg, near 
Batavia, are globular and only attain a diameter of 0.5 0.6 /x, but 
they have a long flagellum, at times measuring as much as 20 /x. 
Those obtained from Tokio soil {Nitrosormmas japtmica) and from 
Africa { N itrosomonas africana), are very similar to the Kuro}:>ean 
species, differing only in that tliey are somewhat smaller. 

Observations by Ihirri and Stiitzer on impure cultures in mineral 
media led them to l)eli(‘ve that there was a difference in oxidizing 
powers in organisms derived from different sources. By this means 
they distinguished five classes from (h'rman and one from African 
soil. 

Joshi has recently described a mnv species from the soils of 
India wdiich differ morphologically from others hitherto described. 

ddie ditferent spec'ies show^ a variation in .sc'usitiveness to heat. 
Beddies found one spc^cies to live for one minute in steam at a 
tem})erature of 100°. The other two were more sensitivje but 
survived for scv<‘ral minutes in dry heat of 80° to 100° (\ 

O'he genus, nitrococcius , found in the New^ World do tiot ])ossess 
cilia nor do the\' form z»)6glea. The ont‘ obtained from Quito 
(Ecuador) is a coccus 1.5 1.7 n in diameter, ddie species, iV?7ro- 
sococciis hraziliensis, obtained from Brazil soil is much larger, being 
2 n in diameter. 

O'he nitromonas or nitrobact(‘r differ from those already descril)ed 
in physiological properties in that they oxidize nitrites into nitrates. 
Morphologically, they differ in being smaller and more slender. 
Tlu*y are elongated, oval, mostly ])ear-shaped, 0.5 /u in length and 
0.15 0.25 in breadth. In licpiid cultures they develop a thin 
mucinous skin w hich adheres firmly to the w^alls of the vessel. 

From the variation in sensitiveness to heat, Beddies isolated ♦ 
four forms of nitrobacter, one of which wvas capable of resisting 
the action of steam at 100° C. for two minutes. But Burri and 
Stutzer’s comparati\'e ex]>eriments wuth nitric organisms derived 
from different localities showexl no essential difference in physio- 
logical action. 

Neither nitrosonionas nor nitromonas have been observed to 
form s])ores, but their resistance to drying and to heat, as shown by 

j eddies, makes it appear possible that some species may form spores. 

Influence of Moisture.— Long before the process of nitrification 
was known to be due to microorganisms, the underlying principles 
governing the speed of the reaction had been investigated nation- 
ally' by’ France, Germany and Sw’eden. Among other things, they 
had learned that there must be a (‘crtain proportion of water, and, 
in order that the maximum y ield of nitrates be obtained, that this 
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must be diminished as the soil becomes richer in nitrates. As early 
as 1887 Deherain found that the most activx* nitrification took place 
when the soil was allowed to become ]>artially firy I)et\veen the 
applications of water, and later lie found that there was a rela- 
tionship between the s|>ecd of nitrification and the moisture con- 
tent of fallow soil, the nitrification increasing with the water. 
Boussingault taught that wluai soils contain as much as liO ]>er 
cent, of water they lose in a few we(‘ks the greater part of their 
nitrates. This teaching gave rise to tlu; general belief that deni- 
trification may take })lace to ji great extent in soils, hut recent 
work has amply demonstrated that it is only extremely abnormal 
eonditions where this becomes an imjiortant factor. 

Deherain and Demoussy found that the bacterial action of a 
soil was at its maximum when a rich soil contaiiK'd 17 per cent, 
of water, but that it decreased if the pro]>ortion of water fell to 
10 per cent, or rose to 25 ptu’ cent. With soils l(‘ss rich in humus 
a somewhat higher ]>roportion of water was necessary to retard 
oxidation to any marked degree. 

The optimum moisture content for nitrification, according to 
Deherain, is 25 per cent. An insuffi(*ient snppl\ ot moisture 
checked both nitrification and nitrogim fixation. This occurred 
when the water had been reduced to Ki.o ]>er cent. / This, however, 
would vary with the soil, for Schlosing found bacterial activity 
less in fine-graiia‘d soils than in lighter, (.‘oarse-graim’d soils. In 
order that nitrification be equally active in both light and heav\' 
soils, the latter must have a higlier ])ercentage of water than the 
former, a ditlerence in moisture content of soil of 1 per cent., accord- 
ing to Dafert and Bollinger, being sufficient to produce a marked 
change in the oxidation going on in the soil./ 

Fraps found that the number of nitrifying organisnis in a soil 
varies with the moisture and that their activity was })eriodic, rapid 
nitrification being precede<l and followed by periods of less activity. 
Later he found nitrification to be at its height in soil eontaining 
55.0 per cent, of its water-holding capacity. Excessive ({uantities of 
water practically stopped nitrification and were much more injur- 
ious than too small a quantity. The water requirements, howevew, 
varied considerably with the soil. Coleman’s work with a loam 
soil showed nitrification to be most active when the soil contained 
1() per cent, of water. It was greatly retarded when the water 
content was reduced to 10 per cent, or increased to 20 i)er cent. 

Patterson and Scott’s work is interesting in that they found 
nitrification to be inactive in sand and clay soils which still con- 
tained about three times as much moisture as in tlieir average air- 
dry condition. At the lower limits of moisture less water starts 
nitrification in sand than in clay. At the higher limits of moisture 
less water stops nitrification in sand than in clay, while the oj)ti- 
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mum amount of water probably varies for each soil; it is higher 
for clay, yet for both soils it lies within the range of from 14 to 
18 per cent. A rise above the optimum amount of water is more 
harmful than an ec|ual fall below it. / 

The work of the Utah Pkxperiment Station demonstrated that 
the application of irrigation Avater to a soil has a distinct beneficial 
effect upon nitrification, being greatest where 15 inches of water 
were applied when the nitric nitrogen formed amounted to 28.5 
pounds per acre-foot of soil. The greatest benefit per inch of 
water, howeA er, was obtained Avhere only 7.5 inches of water were 
applied, resulting in 3.8 pounds of nitric nitrogen per inch of water, 
while where 15 iru*hes wt'rc ap])lied it Avas 1.1 ]>ounds of nitric nitro- 
gen per inch of AA^ater a]>i>lied, and when 25 inches of water were 
applied to the soil the nitric nitrogen produced was ojily 0.7 pound. 

Miinter and Robson found that hornmcal decomposed more 
rapidly in dry sandy soil than in clay or loam, Avhereas with higher 
moisture content there was little (lifterence. Ammonia sulphate 
transformation increased Avith a higher water content, dlie best 
nitrate formation from hormneal occurred in sandy soils. In clay 
and loam it was best with a medium Avatcr content. Sharp found 
that the Avater content most faAa^rable for ammonification was 
not the optimum condition for nitrification. The former was 
most rapid with a 25 per cent, water content and Avas not markedly 
affected by 3 per cent, differences. Nitrific-ation Avas at its maxi- 
mum when the soil contained 19 j>er cent, of water. When it was 
increased Ito 25 per cent, the rate of nitrification was decreased 
50 per cent. 

McBeth and Smith found a slight variation in the number and 
nitrifying poAvers of soil, depending upon the moisture content. 
IIoAvever, Gainey considers that among the factors controlling the 
bacterial activity of a soil the aA^ailable moisture probably plays 
a leading part. But the author has reported results which indicate 
that the nitrous nitrogen content of a soil is independent of the 
irrigation water applied up to 37.5 inches a year. \ Results recently 
published by the Utah Experiment Station clearly demonstrate 
that the influence exerted by water upon ammonifying, nitrifying, 
and nitrogen-fixing actiAu’ties of the soil varies greatly with the 
organic matter in the soil and is much more marked in effect on 
soils recently manured than on those which have received no 
manure. \ 

From the literature cited it may be seen that thelnitrifying power 
of the soil is a. function of the moisture content of the soil, and 
that the optimum varies with the physical and possibly with the 
chemical properties of the soil, j Recent work at the Utah Experi- 
ment Station shows a close correlation between the nitrifying 
powers of a soil and its water-holding capacity and varies only 
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slightly with the })hysieal i>roi)erties of a soil. Twenty-two soils 
varying widely in ])hysical ])roperties yielded inaxiinnin nitrification 
when the soil eontained from .50 to GO ])er cent, of tluMr water- 
holding capacity, as indicated in Fig. .20. Furthermore, the oi)ti- 
muni moisture contejit for maximum nitrific.ation is eorrehited 



Fio. 32. — Average percentages of nitric nitrogen produced in soil receiving various 
quantities of water. The quantity produced at 60 per cent, is taken as 100; on the 
ordinate is given the per cent of nitric nitrogen formed, whereas on the abscissa is 
given water applied as per cent, of water-holding capacity. 


with the other soil constants with a set of equations similar to 
those given for ammonification, page 201. Thus, 

Mn = .55 c 

Mn = .8S25E + 11.55 

Mn = 1.472 W -f 11-55 

Mn = 2.163 H + 11-65 
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Mn is written for per cent, of water for maximum uitrifieation, 
C for moisture eapaeity as defined f)y Ilil^mrd, W for wilting oo- 
effieient, E for moisture equivalent, and II for hygroseoi>ie 
cg^cient. 

Temperature.— The temperature is a faetor which controls in a 
great measure the quantity of nitrates produced in unit time. 
Schlosing found nitrification very slow at 7.5° C., (piitci marked at 
11°, reached its maximum at 37°, and ceased entirely at 55.° 
Deherain found nitrification almost ceased at 5° C. and begins very 
slowly in soils which have been frozen, yet Conn found the freezing 
of soil increases its nitrifying powers. These temperatures are 
questioned by some, for example Warington states that he was 
unal)lc to start nitrification at 40° (k 

Hutcliinson gives the optimum temperature for nitrification in 
Pusa soil at 35° C. No nitrates were formed at 40°, nor did nitri- 
fication tidve place in soil which had been kept at 40° C. when its 
teTnp(‘rature was afterward reduced to 30° C. These appanait 
(;ontradictions max- l)c due to different strains of the organisms 
varying in sensitiveness to heat. Beddies isolated four stable 
forms of nitric; and three of nitrous ferments. One of the nitric 
forms was capable of resisting the action of steam at 100° C. for 
two minutes and one of the nitrous bacteria lived for one minute 
in steam at the same temperature. The other two nitrous ferments 
could not withstand steam but survived for several minutes in a 
dry heat of 80° to 100° (k Moreover, Bazarewski found the most 
favorable temi)crature for nitrification in soils to be between 25° and 
27° C., or about 10° C. lower than in pure cultures in artificial 
media. 

King, in his work, found that there was 1.26 times as much 
nitric nitrogen formed at 9° (k as at 1° (k, 2.76 times as much at 
20°, and 6.24 times as much at 35°, as at 1°. The significance of 
these figures is brought out more fully when we examine the amounts 
of nitric; nitrogen obtained in some cases. At 1° (k there were 
formed 120 pounds per acre; at 9°, 150 pounds per acre; at 20°, 329 
ppunds i>er acre; while at 35° there were formed 747 i)ounds per acre. 
^ Light Rays. -The nitrifying organisms are heat-loving and light- 
avoiding. They are dependent on the heat of the earth or of the 
sun, but they carry on their activities best in the absence of sunlight. 
Direct sunlight, partly due to the coagulation of the bacterial col- 
Imds by the rays of the ultraviolet light, soon proves fatal to them. 
^Aeration and Cultivation. -iThe nitrifying l)acteria are all aerobic; 
hence, nitrification is best— other things being equal— in a well- 
aerated soil.! This is illustrated by the work of Schlosing who 
exposed soil tor four months to an atmosphere containing different 
percentages of oxygen. Soil which contained 1.5 per cent, of 
oxygen yielded 45.7 mg. of nitric nitrogen, that containing 6 per 
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cent yielded 95.7, that eontaiuing H i>er eeiit. yielded 132.5 mjr., 
whereas tliat containing 1(1 per cent, of oxygcai yielded 21(1.11 mg. 
of nitric nitrogen. 

j/ Plummer found there to he an o])timmn mixture of carbon 
moxid and oxygen for the best j>rodiietion of nitrate.s. This he 
found to l)e one containing from 35 to (10 ]>(t cent, of oxygen. But 
Hutchinson found complete nitrification of ammonium sulphate took 
j)lace under semi-anaerobic conditions in which no uitrificatioii of 
oil cake occurred.^ 

\^Stirring and pulverizing tin* soil is, thendore, of great im])ortance, 
as further .shown b\' the (‘X]>erimcnts of Dcheraiu./A number of 
pots were filled with .soil. J’art of them wi're allowed to stand 
undisturbed, while the others were ]>oure(i out u]>on tlu* floor and 
frequently stirred, d'hose stirred invariably (*(uitaincd from t{‘n 
to forty times as much nitrates as did tin* unstirred. 

The work of King also shows that the stirring of the soil allVcts 
nitrification. He further found land plow(‘d in tlu' fall contained 
a different amount of jiitrates than did the unjdowcd land, the 
dihWence being apparent throughout the following summer. 

/y^op and Fallow.- Kven as early as 1855 the work at Itothamsted 
Imd demonstrated that the beneficial cfh'cts of fallowing lies in 
the increase brought about in the available nitrogen com])onnds 
of the soil. Deheraiii and I)emous.sy’s work indicated that there 
is a larger production of nitrates in fallow than in cro])])ed soils, 
and Pfeiffer (“onsiders fallowing an cxtreiiK' form of s(/il robbery, 
for he found that it promotes the activity of the soil organisms, and 
hence hastens the exhaustion of the nitrogen supidy. But, as it 
is so clearly ix)inted out by Wariiigton, these results ma\' not hold 
in a dry climate or during dry .sea.sons; for hen; bare fallow^ may 
not necessitate this loss and much is to be gained by its ]>ractic(‘. 
But it must always be borne in mind that if then* be sufficient 
moisture the loss may be great. For instance, Schneidevvind, 
Meyer and Miinter record a loss in fallow j)lats of 85.5 pounds 
per acre, which even exceedtxl the nitrog(;n remo\ cd l>y the growing 
plant on the cropi^ed soil. 

On the other hand, McBeth and Smith claim that ]>Iats con- 
tinuously cropped to alfalfa, ix)tatoes, oats, and com all .show a 
higher nitrifying j>ower than do corrc.spoiiding fallow ])lats and 
that the stimulating effect of crop production on the nitrifying 
power of a soil is most marked in alfalfa soil. This is in kc'eping 
with the recent findings of Welbel, but is contrary to the findings 
of many other investigators, for Heinze found fallow' to increase 
the pectin, cellulo.se and humus fermenters and also the ammoni- 
fiers, nitrifiers and Azotobacter. RilsscI finds that late summer 
fallow land is richer in nitrates than is cropped, even after allowing 
for the nitrogen taken up by the crop; and Heinze shows that 
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repeated cultivation of fallow soil increased the number of or^^an- 
isnis in the soil, while Miltner maintains that no nitrification occurs 
in soils where legumes are growing vigorously and fixing large 
quantities of nitrogen. This latter view, however, is the extreme, 
as is shown by much of the literature on the subject. 

Welbel and Winkler found that fallow not only increased the 
assimilable nitrogen, but also the available phosphoric acid of 
the soil, and that the increased yield of wheat after fallow is due 
to these factors. But Bychikhin and Skalski point out that fall 
fallow is even more wasteful of soil nitrates than is summer fallow, 
for here the excessive rains wash the soluble nitrates from the soil 
as fast as formed. The cultivating of fallow further increases the 
nitrate content, as was shown by Richardson. Nitrification is 
related to fallow and cro|), as may be seen from the following results 
obtained by the author: 



Milligrams 

Milligrams 


nitric nitrogen 

nitrogen 


formed. 

fixed. 

Cultivated 

. . 4.16 

14.28 

VirKin soil 

. . 2.09 

6.99 

Wheat soil 

. . 4.00 

11.83 

Alfalfa soil 

. . 2.2.5 

12.24 

Fallow soil, potato fallow, etc. 

. . 6.22 

22.88 


The results reported under milligrams of nitrogen fixed indicate 
that in an arid soil the increased nitrogen fixation in a' fallow soil 
more than offsets the loss of nitrates, even though rat)idly formed, 
for little, if any, would be lost in the drainage waters. These 
results liav(' recently been confirmed by Reed and Williams. More- 
over, the number of organisms in the soil and the rapidity of the 
bacterial activity within the same is going to vary greatly with 
the thoroughness and time of cultivation, as shown by Deherain, 
Neish, King and Whitson, Chester and Quiroga, while the number 
and activity of the organisms in the soil may in a degree determine 
the speed with which the water evaporates from a soil. 

The work at the Rothamsted station early demonstrated that 
the nitrates in the drainage water from the various plats varied 
greatly, depending upon the crop growing upon the soil, thus indi- 
cating a relationship between the available nitrogen in a soil and 
crop growing upon the soil. Since that time many experiments 
have confirmed this conclusion. Furthermore, King and Whitson 
found 22 per cent, more nitrogen developed from soil after clover 
than from soil after corn, and 13 per cent, more than after oats. 
Later work by them showed that there are greater quantities of 
nitrates throughout the entire season in soil under corn or potatoes 
than in soil under clover and oats. Stewart and Greaves found 
that different plants show a marked difference in their demands 
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Upon the nitrate content of the soil, there hcin^^ a steady decrease 
in the eoneentration of the nitrate eoutent of })otato and corn 
lands as tlie season progressed, while that of fallow and alfalfa 
remained practically eonsPint, tin* nitraP; content of tlu; latter 
being uniformly low through the season. According to Lyon and 
Bizzell, soil that had produced alfalfa for five years was higher in 
nitrates than soil that had grown timothy during the same period. 
Furthermore, the former nitrified ammonium sulphate more readily 
than did the latter. 

Brown found that the rotation of ero]>s caused an increase in 
number of oi^ganisms in a soil, also greater aniraoi\ifying, nitrifying 
and nitrogen-fixing powers than continuous erop]>iug to either corn 
or clover. Furthermore, the crop on the soil at tiirie of sam]>ling 
was of more importance from the bacterial viewj)oint than the 
previous crop. However, the preceding cro}> lias a rnarketl elfect 
upon the nitrate content of the soil, as is seen from the work of 
Lyon and Bizzell, where plats that had been ]>lanted to certain 
crops were kept bare of vegetation in the early part of the growing 
season of 1911. Nitrate determinations of the soil were made and 


the nitrate present showed a distinct and characteristic i-elationshi]> 
to the nitrate content found under the several vjirieties of }:>lants 
previously grown upon the soil. Later they showed tliat alfalfa 
soil nitrified more rapidly than timothy soil, both in the soil on 
which the crops had been grown continuously and in that from 
which they had been removed and the soil kept bare for two seasons. 
The author has shown that the nitrifying jioAvers of alfalfa soil, 
while slightly higher than that of virgin soil, is very low when 
compared with either wheat or j)otato and f.dlow soil. Inirther- 
raore, the extensive work which has been conducted at the I tali 
Experiment Station demonstrates that there is a wry pronounced 
relationship between the crop growing upon a soil and its nitrate 
content. However, in this work the nitrate content of the alfalfa 
and oat soil is very low, while that of potatoes and fallow is high, 
and we find the nitrifying powers of alfalfa and }K)tato soil high as 
compared with fallow. ^ . 

Nitric nitrogen Nitrifying 


Crop. 
Fallow 1 
Alfalfa 
Oats . 
Corn . 
Potatoes 


ill sui). 

powers. 

100 

100 

m 

148 

36 

103 

33 

77 

99 

21 


Hence, we can conclude that alfalfa not only feeds closer upon 
the soluble nitrates of the soil but also makes a much greater drain 


^ Fallow taken as 100. 
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upon the insoluble nitrogen of the soil by m?®[pasing its nitrifying 
powers. 

Season. —The season of the year has a marked influence upon 
the bacterial activities of the soil, but it is not necessarily corre- 
lated with the nitrate content of the isnl. Schlosing found the 
nitrates in the drain water from both manured and unmanured soil 
high in spring, as compared with midsummer, fall, or winter, thus 
confirming the results obtained at the Rotharnsted station. vShutt 
reports nearly five times the quantity of nitrates in fallow and 
cropped soil during June as during November. He does, however, 
find more during June than during May. The exact season of 
the year at which the maximum nitrate content is reached will 
vary with a number of factors, chief among which is th(^ kind of 
crop growing on the soil, for ICing and Whitson found that the 
nitrates in the surface foot start in the spring comparatively low 
and increase ra}>idly until June 1 on clover and oat ground, and 
until July on corn and potato ground. From these dates they fall 
more or less rapidly and the work at the Utah Station demonstrates 
conclusively that there is a seasonal variation, depending ui)on 
temperature, croj) and cpiantity of irrigation water applied to 
the soil. 

Moreo\’('r, Andre has sliown that the insoluble nitrogenous 
compounds of the surface soil arc largely transformed into solul)le 
compounds during the summer, and these are widely difl'used 
through the deeper layers of soil during the winter, so that in the 
spring the lower layers of soil contain more soluble nitrogen than 
the surface soil. At the end of summer, however, the distribution 
is quite uniform. This finding has been amply verified by the 
results reported by Stewart and Greaves, Welbel, Jensen, and 
Lyon and Bizzell. The results will vary, however, with diflerent 
soils, as shown by Russell who ret>orts the fluctuations in nitrates 
more marked on loams than on clays or sands. Moreover, he 
found the bacterial activities much greater in early summer than 
later. 

Moll even goes so far as to claim from his work that the season 
of the year is the principal factor in determining the biochemical 
transformation in a soil, and Heinze found that the number of 
organisms in a soil was highest in the summer months and lowest 
in the fall and spring. As already pointed out, the highest nitri- 
fying power of a soil is not necessarily correlated with the highest 
nitrate content. The latter is highest in spring or early summer, 
while Vogel found the former to be highest in October and Novem- 
ber, £tfter which there was a falling off until April, when it rose 
again, but not so high as in autumn. This corresponds fairly well 
with the findings of Green, for the ammonifying powers of the 
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soil. These findings, however, an* contrary to those of Wojtkie- 
wiez, who found the inaxiinuni niinilHa* of organisms to occur in 
soil during the spring and the miniminii in the wintiM*. He also 
notes a correlation between bacteria ])res(*nt arid the junoimt of 
nitrates in the soil. 

Cliinate infliienced the nitrifying j)owers of the soil, and Ililgard 
taught that the nitrifying powers of tin? arid soils ar(‘ snix'rior to 
those of the humid soils, but the extensive work by ( k B. fjimian, 
both by laboratory and field experiments, in which soils have been 
transported from humid to arid districts, and vice versa, has shown 
just the o})i)osite to Ix! true— namely, that the biological acti\ ities 
of a soil are more pronoun(!ed under humid than under arid 
conditions. 

Quantity of Nitrates Formed.— The cpiantity of nitrates ])roduced 
in a given soil varies with all of the factors which have been con- 
sidered; hence, any results obtained must l)e interjm'ted with 
this in mind. The greatest rate of nitrification noted by Warington, 
when working with an ordinary arabh; soil from tlx; Uothamsted 
farm, yielded 0.5<S8 parts of nitrogen per million of air-dried soil 
a day. Similar soil su})])lied with ammonium chlorid nitrified 
about 0.924 parts per million in the same time. 

Jyawes and (lilf)ert, working with the far richer Manitoba soils 
and with a higher temperature, obtained in two cases (soils frofii 
Selkirk and Winnipeg) average daily ratt‘s of nitrification of 0.7 
parts of nitrogen per million during three hundred and thirty-fiva' 
days, the rates during the early jxwtion of this period being as high 
as 1.03, 1.24, 1.3(> and 1.72 per million. 

Deherain, working with a soil containing O.lb ixx’ cent, of nitro- 
gen, obtained daily rates of nitrification varying from 0.71 to 1.09 
per million in ninety days. Working with a richly manured soil 
containing 0.201 per cent, of nitrogen, he obtained a maximum 
daily rate of nitrification during forty days of 1.48 of nitrogen 
I3er million of soil. . ■ . . 

At times the difference in nitrification noted in different soils 
may be due to a difference in physiological. efficiency of the nitrify- 
ing ferment, as Marcille compared the nitrifying ix)wers of tl^ee 
different soils and found that the poorest yielded aii organism 
nitrifying less rapidly than the others. Some soils nitrify ammonia 
more readily, while others nitrify cotton-seed meal more rapidly. 
This must be due to differences in the metabolism of the organism 
found in the various soils. 

Hutchinson considers this variation at times due to toxins which 
develop under anaerobic conditions produced by water saturation. 
Subsequent aeration removes the toxic condition and the formation 
of nitrates takes place. He also found copper had a decided 
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influence in neutralizing the toxic action. Several other observers, 
incIiKling (Treig-Sinith and Hottoinley, claim to have found soluble 
bacteria toxins in soil, liii.sscll and ITutcliinson, on the other hand, 
obtained wholly negative results and concluded that soluble 
bacterio-toxins are not normal constituents of soils, but must 
represent unusual conditions wherever they occur. Jkit, as pointed 
out by Russell the possibility of the existence of toxins solul)le in 
wsj^er still remains. 

^j//Loss of Nitrates. -The loss of nitric; nitrogen from a soil may be 
either great or small, depending upon certain factors, the more 
important of which are as follows: 

1. The rapidity of nitrification. Nitric nitrogen may be i)ro- 
duced in some soils so rapidly that even luxuriant vegetation will 
not remove it as fast as formed, whereas in another soil it may be 
formed so slowly that it will not suflice for even meager growth. 
The loss in the first case may be very large, while that of the second 
would Vje nearly zero. 

2. The nature of the soil. A tight soil, other things being equal, 
would retain the nitric nitrogen to a greater extent than would 
a loose porous soil, and a dce}> soil than a shallow soil. 

3. The amount and distribution of rainfall. All other condi- 
tions being ecpial, thirty inches of precipitation throughout the 
year would remove more nitric nitrogen from the soil than would 
fifteen inches similarly distributed. Rut if the fifteen inches came 
within a short period, while the thirty was distributed through- 
out the year, the fifteen inches of rainfall under these conditions 
may remove more nitrie nitrogen from the soil than would the 
thirty. 

4. The rapidity with which the nitric nitrogen is removed by 
the growing croj). Alfalfa, oats and wheat are heavy feeders upon 
nitric nitrogen and in most soils remove it as fast as formed. Hence, 
little is left to be washed out by the drainage. Moreover, crops 
such as these rapidly remove the water from the soil and hence 
diminish the drainage from such soils. Moreover, crops growing 
during the rainy season, tend to conserve the nitric nitrogen where 
fallow soils rapidly lo.se nitric nitrogen during this period. 

5. The rapidity with which nitric nitrogen is tran.sformcd into 
protein nitrogen by soil microorganisms. It is now known that 
there are within the soil many microorganisms which transform 
nitric nitrogen into protein nitrogen, and the speed with which 
this change occurs may at times become important; work at the 
Utah Experiment Station indicates that this may at times reach 
twenty or thirty pounds per acre yearly. 

The factors must always be kept in mind in an attempt to reach 
general conclusions from any special cases, yet it is instructive to 
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examine a few results from the Rothamsted Kxi>crimeiit Station, 
as compiled by J)r. Hopkins: 


NITROGEN IN DRAINAGE WATERS. ROTHAMSTED EXPERIMENTS 
AVERAGE OF 12 YEARS (OR MORE). 




Hare Soi 

OO-incli G 

auKC. 

;Wh('at La 

Monili. 

H.'iin fall 

Drain a>?f 

Nitro('i>n. 

' NitroRcT 


(iiiclu-s). 

(iru lu'.sj. 

IV 

*r Millii)ii 

Pounds 

' Per Mill! 




f Water. 

pnr .Aero. 

of W'litf 

January .... 

2 I J 

1 . 03 

3 . 0 

3.33 

3 . 1 

l''ebriiary 

2 . 1 () 

1,74 

0. 1 

3.57 

4.0 

March . . .. 

1 . 70 

0. 04 

3 0 

1.30 

2.0 

April .... 

2. 2a 

0.70 

0 . 0 

1 01 

I .0 

May 

2.4<S 

0. 70 

0. 1 

1 . 03 

0.0 

June .... 

2 . 5U 

0.73 

0. 1 

1 . 00 

0. 1 

July 

2.sr) 

0. 02 

I 1 .3 

1 00 

0. 1 

August .... 

2 . ()0 

0.70 

13 3 

2 , 23 

0. 1 

September . 

2. 70 

0.32 

124 

2.50 

3 . 9 

October . . 

3.12 

1 . 03 

11.0 

•1 , 53 

4 . 0 

November . 

3. 20 

2,32 

111 

5 . 03 

3,0 

December 

2.34 

1 . 33 

10. 0 

4 . 5 1 

4.3 

January-April . 

S.24 

5.40 

0.0 

10.05 

2.3 

May-Augu.-st 

10.01 

2 . 05 

10. 0 

7.17 

0. 3 

Sept.-December 

1 1 . 30 

0. 70 

11.3 

17.52 

4 . 2 

January-December 

30.21 

1 5 . 05 

1 0 . 5 

35 .04 

2 , 4 


It does not necessarily follow that all of th(‘ nitric nitrogen 
which is carried to a depth of sixty inches is lost to tlic growing 
plant, for in work at the Utah I'xjierimeiit Station tlie author and 
coworkers have found in the spring a nitrati* l)(‘lt as low as the 
seventh and eighth foot-section. 'Jdiese nitrates bad been carried 
to this depth by the winter and spring watc'r. It was notcil that 
later in the season as the water was brought to the surface by 
capillarity the nitrates also returned, and liy June, July or August, 
depending upon the crop grown upon the soil and the quantity of 
irrigation water applied, the nitrate belt which in the spring was 
in the seventh and eighth foot-section had reached the surface 
foot-section. Moreover, the deep-rooted plants of the arid regions 
probably feed from lower depths than do the shallow-rooted plants 
of the humid regions. 

The practical conclusion to be reached from these; results is that 
the method of reducing the loss by leaching is by growing plants, 
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the roots of which may absorb the plant-food as rapidly as it is made 
available. 

The loss of mtric iiitroKen from irrigated soil ma^ he prevented 
by the judicious use of irrigation water. Experiments at the Utah 
htatiou coven iig a ja-riod of fourteen years have demonstrated that 
the application of htteen or twenty inches of irrigation water 
ilistribiited throughout the season, to deep soil causes little, if anv 
loss of nitric nitrogen from such a soil, whereas aiijilications of froiii 
tw cuty-fi ve to thirty-seven inches similarly distributed I'aiises consid- 
erable dnninution in t he cro,, yield. 'Phis decrease in crop vield due 
o exccs«i e ipiantities of water, u]> until the soil becorm^s water- 
ogged, IS large y due to the rapid washing of the nitric nitrogen 
beyond the ieefimg area of the }>lant roots. 
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CHAPTER XXII. 
DENTTRTFK’ATIOX. 

It has been known for a lon^ time that iiiifler coiKlitions which 
were not fully undtTstood, there may and oft(Mi does result a loss 
of soil nitro^^en. Most of this is due to the loss of nitrates in the 
drainage water, but {)ccasionalIy there are los.sc's which cannot thus 
be accounted for. This has been attrilmtcd to \arious causes, 
namely: (1) the liberation of elementary iiitrogcai in the i>rocess 
of decay as the complex ])r()tein is broken down into sini])le products, 
(2) the reduction of nitrates or nitrites with tin* production of 
ammonia or elementary nitrogen, (M) tin* transformijig of nitrates 
and ammonia into complex proteins tlirongh tin* action of micro- 
organisms. 

Often the losses from all of these ]>rocess('s hnx'e b('(ai groupc'd 
together and considered as denitrilication. This vague nsag(* of the 
term has led to considerable confusidn an<l oftcai erroneous con- 
clusions. Rut the term denitrilication in its pro]>cr and more 
limited sense refers only to the com}>Iete reduction of nitrates with 
the evolution of elementary nitrogen. It is, how(‘ver, often a])])lied 
in a broader sen.se to include all d(‘oxidation ])roccsses wherc'by 
nitrates are partly' or wholly reduced. Rut, as pointed out l)y Ja'p- 
man, for i)ractical agriculture the differences are of sona* moment. 
The partial reduction of nitrates to nitrites or to ammonia do(‘S not 
necessarily involve a loss of soil nitrogeji, wlaTcas the comj>Iet(' 
reduction of nitrates, wherever it occurs, must of necessity involve; 
such losses. Hence, there is some justification for referring to the 
partial reduction of nitrates as denitrification. Rut it is not justifi- 
able to classify under the head of denitrification all bacterial activi- 
ties in the soil which lead to the di.sappea ranee of nitratt'S or even 
to the diminution in the total store of soil nitrogen. Eor it has been 
repeatedly demonstrated that the nitrates may completely disa])i)ear 
without involving any loss of nitrogen. 

Early Theories.— We have seen that tin' early ime.stigators 
attempted to explain nitrification by purely chemical theories. 
This W'as also true with denitrification. Kuhlman, as early as 1846, 
exprcs.sed the belief that nitric nitrogen may lx* reducefl in the soil 
to ammonia by the fermentation of organic substances. This .same 
idea was brought out twenty-one years later by both Eroehde and 
Angus Smith, and it also appears prominently in the writings of 
Johnson in 1870, and Ilavy called attention to the fact that gaseous 
nitrogen was set free from decomposing organii; matter in the soil. 
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The splitting-off of free nitrogen, theoretically, could be due to the 
reduction of nitrates or the action of nitrous acid on ammonia or 
amins: 


2 HNOs 

- 2 H »0 

+ 2O2 

+ 

N2 

NH, 

+ HNO2 

N2 


2IT2O 

Cn 3 NH 2 

f HNO2 

= N2 


(^HaOH 


Lawes, Gilbert, and Pugh showed that losses of nitrogen often 
take place when nitrogenous organic matter was made into an 
“agglutinated condition” with water and allowed to decompose in 
the i)resence of air. Practically no ammonia could be detected. 
Three possible reactions were suggested by Lawes and Gilbert: (1) 
an oxidation analogous to that of the action of chlorin on ammonia 
by which free nitrogen is evolved; (2) a reduction similar to that of a 
great number of substances upon the oxygen compounds of nitrogen, 
l)y which the oxygen is approj^riated and the nitrogen set free; (3) 
the two actions may operate in succession, the one to the other. 

Organisms Concerned.- Gayon and Depetit, howe^er, were the 
first to announce that the nitrogen originated from the nitrates. 
They found that the ferments which possess this power need organic 
matter for their development and that part of the organic nitrogen 
is transformed into ammonia and pt'rhaps also into arnido-deriva- 
tives of organic sul)stance. 

In 18S6 they isolated two organisms— /i. denitrificans, a and /3 
—capable of reducing nitrates with the evolution of gaseous nitrogen. 
They also encountered a number of bacteria that could reduce 
nitrates to nitrites, and since that time the denitrifiers have been 
found very widely distril)uted. 

The discovery by Preal that many substances of organic origin, 
and especially straw, are the carriers of denitrifying organisms was 
of far-reaching im])ortance. ddiese organisms are, therefore, carried 
with the litter to the manure and later with the manure to the soil. 
It was found by Kunnemann that horse manure as a rule contains 
.denitrifying organisms and these are usually of two species, one of 
them also being found on straw. The organism found only in 
manure reduces nitrates in symbiosis with B. coli and is B. denitrifi- 
caiu I of Biirri and Stutzer; the organism occurring in both manure 
and straw is the B. denitrificaiis 11 of the same authors. The denitri- 
fying organisms are less freciucntly present in cultivated soil and 
are usually a different kind. Yet they are abundant in the upper 
layers of the soil. Bazarewski found them irregularly distributed 
in the deeper layers of the soil, but frequently they occurred abun- 
dantly at a depth of one meter. They have also been found to a 
great depth in the Nebraska soils. Putnam examined 201 species 
and 139 were found to reduce nitrates to nitrites, while the other 
species did not effect this reduction. Burri and Stutzer called atten- 
tion to the fact that while there are many bacteria which will reduce 
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nitrates to nitrites, those {*ai>able of redueiiig nitrates to Jiminonia 
or of setting nitrogen free ar(‘ not very niiinerons. S(‘\ erin isdated 
32 different organisms from horse manure and studied 2!) of uiese. 
Of this number eight species were ea])aljh‘ of comph'te reduction of 
nitrates, ])rovided the Mitrat(‘ concentration Ix' not too great. Nine 
of the other s))ecics were able to reduce, nitrates to nitrites. 

Stoklasa divides the dcmitrifying organisms ])rcsent in soils and 
manures into two ])rincipal grou])s. "riie first gron|) contains 
(Uodridbim (j datin' mini, Protcns DuUiaris, P. zcnlccri, />. rainnsus 
n. Uqurfaciens, li. mycoidrs, H. niei/athrriuni, P. snhtilLs, ;nid B, 
prodlglosns, aial others. The characteristic of tlu'se orgnnisms is 
that tliey reduce nitrates to ammonia without tlx' formation of 
elementary nitrogen. The second grou]) eontnins Bar. hartJdn, 
B. fluorirn'cioi Idfiif^faciiahs', B. pi/aryanmni, B. stutzerl, B. filefacicns, 
B. nitrovonim, B. cenlropuiidaUun, B. denitrificaiu, B, cnlic 4 )fnmun is, 
B. typhi-abdominalis, and others. ’’Idiesi' organisms as a rule reduce 
nitrates to elementary nitrogen. 

Beer yeasts (Laurent),. esj)ecially those of Duclaux, reduce 
nitrates at 20° L. PenwKluni ylaumm, wnrnr raccmosus, and similar 
organisms also Inn e a reducing power. 

ft is, therefore, true that whereas active nitrogen fi.xation is a 
characteristic possessed l)y only a limited number of microorganisms, 
the o])posite denitrification appears to be a characteristic pos- 
sessed by many widely (lissimilar organisms. 

Reaction of the Media, ddie denitrifying organisms arc similar 
to the nitrogen-fixing organisms in that they require a slightly 
alkaline medium in which to function. \ on Laron considers that 
with a sugar concentration of more than 1 or 2 ]x*r c(‘nt., a (le])res- 
sion of denitrification occurs. This probal)ly is due to the formation 
of fatty acids by the butyric acid ferments of the soil. Wfu'ii it 
first became known that denitrification may take ]dacc in manure 
heaps, the practice became prevalent to add to the manure sulphuric 
acid to prevent denitrification. It wnis found that sulphuric acid is 
extremely active in preventing denitrification and 0.17 per cent, in 
the cultural medium was .sufficient to prevent the develo])ni(!nt of 
the denitrifying organisms. 

Ampola and (xarino found that the addition of ground i)eat 
showing an acidity of 9.85 per cent, checked the activity of the 
denitrifying organisms as well as that of other ferments. The 
organisms, however, were not killed and commenced their activity 
again as soon as the acidity was neutralized. The soil coialitions 
are favorable to the neutralization of the acid of the ix'at, and thus 
the- restraining effect of the latter on the denitrifying ()rgaMisms is 
nullified. Moreover, an acid conditipn which would n'strain deni- 
trifiers in soil retards the other beneftcial bacteria and higher plants. 
Hence, while acids may be used at times with some success on 
manures, it is not necessary nor practical to add it to .soils. 

16 
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An excessive alkaline reaction is also inimical to the ^^rowtli and 
activity of denitrifying organisms, as was early shown hy rfeiffer, 
but the application of such large (juaiitities of caustic lime to soil 
as he found necessary to check denitrification tcaids to “burn out” 
the nitrogenous organic matt(‘r, as has l)een iimply demonstrated 
by the work in Pennsylvania. 

Food Requirements. “ The food requirements of the denitriliers 
are quite similar to those of other soil organisms, can, accord- 

ing to Richards and Rolfo, sur\ ive in j)urely mineral media, but in 
such media the reduction of nitrates takes place very slowly and 
incompletely. Jensen found a certain relationship Ix'tw'ceu the 
nitrate destroyed and the carbon compounds us(‘d. No denitrifica- 
tion takes place without a source of carbon, ddie o])tional relation 
between Ihe carbon and the nitrate used was found l)y von Carofi 
to be fol^wo strong denitri tiers if. pj/ucyancm and B. fliiorcsceru^ 
liquefaciem, a 1 per cent, dextrose to l.() per cent, potassium nitrate. 
Reduction of the nitrate supply far below that of carbon greatly 
reduces the intensity of tin* process. Furthermore, the destructive 
fermentation of nitrates dejxaids to a great extent on the character 
of the organic substances in the nutritive medium, some being 
much better adapted than others to furnish the necessary energy 
for the breaking dowm of the nitrates. Stoklasa claims that most 
of the denitrifying bacteria causes no reduction of nitrates in media 
where chemically j)ure d. levulose and d. galactose are present. Nor 
is denitrification favored by glucose in nutritive solutions (Stutzer), 
but is promoted by the presence of salts of organic acids, like potas- 
sium lactate, or sodium citrate. The reason for this is that glucose 
is not as suitable for furnishing the molecular energy required for 
the breaking down of the nitrates as are the salts of organic acids. 
Stutzer tried four different organisms and found that they possessed 
the power of denitrification in a different degree. Their action on 
the different meat extracts on the market is also variable. B. 
hartlehii was the only organism tested by him which could destroy 
nitrates in a medium containing Liebig's beef extract. He suggested 
that this phenomenon may be due either to a difference in chemical 
constitution of the compounds or a difference in ionization. The 
knowledge we now possess concerning the si>ecificity of enzymes 
would lead us to believe the former to be the true explanation. 

Certain of the most widely distributed carbohydrates in soil and 
manures, as for example xylose and arabinose, are not especially 
good nutrients for denitrifying bacteria, according to Stoklasa and 
Vitek. The quantitative relationship which they found to occur is 
widely different with the various carbohydrates. Of the bacteria 
which reduce nitrates to nitritqs and finally to ammonia, B. inycoidea 
reduced 20,69 i)er cent, of the nitrate nitrogen i)resent to ammonia 
in the presence of glucose 1.9 i>er cent, in the presence of levulose, 
R72 per cent, in the pr^senc^ of galactQse, and 1,91 per cent, in the 
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presence of nrahinose; B. suhtUis, 2.41 in tli(‘ preseiK'c' of ^4ucose, 
0.55 per cent, in tlu* j>resence of levnlo.se, and 1).22 ])cr c(‘nt. in the 
presence of galactose; (Hostridinm (jclatincsm, 45.55 ))cr cent, in the 
presence of aral)ino.se, and 9.0S ]>cr c(‘nt. in tin* ]>r('scnc(' of xylose; 
and B. Rnidujwsm, 2.5N per cent, in the ])r(‘sencc of xylose. The 
reaction was in all cases relativ(‘ly slow and was not alilo' for all the 
sugars. 

Of the organisms wliieh rt‘duced nitrates to fnr nitrogen, B] 
hartlfihvl set free 93.97 per ccjit. of the nitric nitrog('n in th<‘ ])r(‘sence 
of glucose, 87.59 ])cr cent, in the prescjice of IcMilose, Sd.tiO ])cr cent, 
in the presence of galactose, 00.38 jxt cent, in the ])?'(‘sence of arah- 
inose, 83.38 per cent, in the ])resenc(‘ of xylose, 81.18 ixa* c('nt. 
in the presence of sucrose, and 77.15 per c(‘nt. iji tin* j>re.st‘nce of 
lactose; B. cerdropumiaivvR 5.17 per (rnt. in tlu' ]>resenc(? of glucose. 
B. /iitrovonnu, 5.17 ])er cent, in the ]>r(‘sence of Icvulos^ /h coli 
cvumiunu, 5.34 per e(‘nt. in tlie pn'.seiKa* of galactose; and Bart. 
Jlnorr.wcns liqiicfacirm, 7.08 jx'r cent, in tlu' pres(‘n( (‘ of arahino.se. 
The reaction was as a rule vtay int(Mise both with tin* sugars and 
with the salts of organic :icids, (\s])ecially of lactic acid, and was 
accoinplished by a gradual breaking uj> into carbon dioxid and 
hydrogen or into carbon dioxid and water. Tlic hydrogen })roduced 
was thought to j)Iay a very important reducing roK*. 

Xylan and aral)an, the most abundant and widely distributed 
earboliydrate materials in .soils and manun's, xidds on hydrolxsis 
xylo.se and arabinose which are \er\' p(X)r sources ol carbon and 
energy for denitrifying organisms. Ilowexer, Stoklasa and \’itek 
found that the typical denitrifying organism. IL liarflrhii, assimilated 
33.6 per cent, of the total nitrate nitrog(‘n in a nutritive solution 
containing arabinose aiid converted it into prot(‘in comixainds. 

Sodium citrate^ sodium acetate or glycerin addc'd to a soil greatly 
increase denitrification, and it is generally consickaed that the addi- 
tion of starch, straw, rape cake, compost, etc., to a soil favors deni- 
trification, whereas well-rotted manure's, rape cake, and composts 
are much less apt to have this effect. 

Metabolism of Denitiifying Organisms.— 1 )chcrain found tliat 
reduction was more rapid in closed flasks than in the oi)en air, tlu' 
nitrogen escaping nnunly^ in the form of ])rotoxid. From this he 
argued that the organi.sms, being d<y)rived of the neces.sary oxygen 
of the air, were forced to ai)i)ropriate that contained in the nitrates 
and thus accomplish their reduction, but we now know that the 
denitrifiers do not nece.s.saril\' reepure anaerobic conditions for di'ni- 
trification, but do require a readily oxidizablc carbohydrate. More- 
over, as pointed out by Stoklasa, there are two classes of denitrifiers 
—one which reduces nitrates to elenu'iitary nitrogen, the other 
xvhich reduces it only to ammonia, probably in both groups of 
organisms the first steps in the proce.ss are the same. The carbo- 
hydrates are broken down under the influence of the microorganism 
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into lacti(! acid, alcohol, and carbon dioxid. The nitrate is reduced 
to nitrous acid and this in turn is rcfluced to aininonia or element- 
ary nitrogen. The oxygen so obtained is utilized by the microorgan- 
isms for the further oxidation of the carbohydrates, and it is in this 
manner that the organism obtains its rtHiuisite eiu'rgy. 

Stoklasa and Vitek believe that nitrous acid is always the inter- 
mt'diate product in the reduction of nitrates. They consider tliat 
carbon dioxid and hydrogen are produced from the carbohydrates 
or organic acids of the cultural media and the nascent hydrogen 
combines with the oxygen of the nitrates to form water and thus 
reduces the latter to nitrites. Gayon and 1 )epetit give this formula: 

+ 24KN()3 - 24KHC03 + OCO 2 + ISHl-O + I 2 N 2 

The ]m)cess is probably due to enzymes, bred was able to demon- 
strate the production of both oxidases and ])eroxidases by B, 
dcnltn/icaiw. Huhne considered that reduction may l)e divided into 
two parts: the bacterial .reduction and the enzymatic reduction. 
Tlowever, we arc led to doubt whether (*ither is due to a true enzyme, 
for the enzymes which have been obtainerl in impure forms are not 
all‘(‘ct(‘d l)y h(‘at and the reducing substances are not specific, as is 
the (*as(‘ with most enzymes, for they rtnliice clilorates to chlorids, 
ar.scnat(‘S to arsenites, and f(‘rri(wanids to fcrrocyanids in the same 
manner as nitrates are reduced to nitrites. 

Influence of Water. — Many of the ivsults obtained on denitrifica- 
tion were with the use of liquids, and it is now known that denitrifica- 
tion in soils ])rogresscs differently from that in Inpiids, depending 
u]>on the nature of the bacteria and the ])hysical conditions of the 
medium in which they are situated. In liquids and very wet soils 
from which oxygen is excluded, the bacteria take their oxygen from 
the nitrates pre.sent in the soil and tlins liberate nitrogen, but in 
well aerated soils this does not occur, as the bacteria can use the 
ox,> gen of the air. 

ddie author failed to find any evidence of denitrification in a highly 
calcareous soil to which had been added from 0 to 25 tons per acre 
of manure and from 12.5 to 22.5 per cent, of moisture, as may be 


seen from the following: 

Nitric Gain in 

nitrogen total nitrogen 

Treatment. (percent.) (percent.). 

1 2. /> per cent, of water' 100 100 

l.^,.() “ “ 118 108 . 

I7.r) . “ “ 121 102 

20.0 " " 121 104 

22.5 “ “ 128 108 


The results may vary with differenfsoils, but Lcmnierinann found 
that in three greatly dissimilar sjnjs it was greatest when the soil 
was .saturated. 

Therefore, when the moi.sture exceeds certain limits, it may 

' The soil containing 12.5 per cent, of water was taken as producing 100 per cent. 
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})r<)in()te (k'uitrification. ^'ariati()Ils in the moisture within the 
usual limits, however, have little iuHiUMiee upon the ])roeess. 

Temperature. — Xru^er eousiders that tlie factors wliieh exert tlie 
greatest iulliieuet' upon deuitriHeatiou are tcaipx'rature and the 
meehauieal eouditioii of the material which furuish('s tla; food for 
the organisms. These organisms funetion l)est at a l(‘m])erature 
which is high enough to greatly retard nitrification. They a(*t v(‘r\ 
energetically at a tem|>tTature of .‘17° (\ in pure enitures, l)nt tlu'H' is 
some evidence (von Bazarewski) that in mix('d enltun'S they func- 
tion better at a lower temp/crature. These factors mak(‘ it ])rol)ahIe 
that laboratory results on denitrification are high as eom])ared with 
Held conditions even where all of the otlua* eonditiojis are oj)timimi. 

The denitrifying bacteria arc more resistant to liglit and drying 
than are the nitrifying or nitrogen-iixing organisms. Am])ola 
found sunlight to have no edeet upon two d(Miitrifiers isolated by 
him JL (Icnitrificam X. and IL (/f’nitri/ican.s' \ \. in pore ilistillf'd 
water tlu'se organisms were ea])al)le of snr^■i^ ing for se\ ('n months. 
When dried, B. dmilrificans X died witliin eiglit weeks and IL 
(Uniirlfirans \ I was alive and active at the end of live months. 

Losses of Nitrates from Manure and Soil. Tin' Hnding of the dt'ui- 
trifying bacteria on straw and in manure', togetln'r with the estah- 
li.shment of the fact that they can under a])i>ropriat(‘ conditions 
decompose nitrates with the evolution of g.aseons nitrogeai, led 
Wagner in 1895 to emphatically de'clare that tlie a]>])lieation ol ernv 
or horse manures to a . soil is often not only unj)roHtahl(* hut Inu'minl, 
that when applied toge'ther with nitrates they cause', by \ irtue of the 
microorganisms contained in them, the (h'.struetion ot the nitrates. 
More than that, the baneful elfeets do Jiot stop here, tor the* nitrates 
as they are gradually formed from the organic matte'r ot the soil are 
also attacked by the denitrifying bacteria and their nitrogen set 
free. In reality, then, the animal manures a])])lied are not only 
useless in themselves but are harmful beeau.se of their destructive 
effects on the oxidizetl nitrogen derived from other sources. 

The.se conclusions were criticized by Warington who ])ointed out 
that they were based on experiments in which the dressings of dung 
were enormous and the same would not occur under ordinary jirac- 
tice. The next year a serious attemptwas made to .solvetlie ])roblem. 
When the (Jerman Agricultural Association called for a unitC(l eflort 
on the part of the German ex])eriment stations, oH'ering to j)la(‘e the 
necessary means at their disposal, the Experiment Stations of Augs- 
burg, Darmstadt, Jena, Rostock, Bonn, and (lottingam res})ond(‘d. 
The questions to be answered were as follows: 

1. How are the great lo.sses of nitrogen that take i>lace in the decay 
of organic substances to be explained? How much of the nitrogen 
is liberated in the elementary state and how much as amnutnia? 

2. What means do we pos.se.ss' of cheeking these fosses, and how" 
does the substance thus employed act? 
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The pii))li,sli(‘(] rejxn-ts of the various stations are vohiininoiis ami 
’’only the ^eiK'ral eoiielusioiis reached can he considered lu‘re. Tliey 
W(‘re as follows; . 

1. loss(\s of aniinonia from manure are (;ompa,rati\ ely slight, 
hut the s(‘tting free of elementary nitrogen which is due to micro- 
organisms and not ela'inical means may he eonsidcrahle. 

2. Witli a limit(‘(l snp])ly of air in manure, the loss of elementary 
nitrogen and of organic snhstance are not extensi\'e, hut the greater 
th(‘ a(*ccss of air the greater the loss of nitrogen, in some cases 
he(;oming Jis g!*eat as 40 or 50 per cent. 

d. Jn ordinary conservation materials when applied in the usual 
(inantitics, do not stop entirely the loss of nitrogen, hut hnrnt lime 
is (jnit(‘ elVccti\ e in sto])ping <lenitrification. Solid excreta and straw 
lose their nitrogen very slowly and no conservation material is 
needed. Jt is only the nitrogen of urine which requires conservation. 

It is sometiiiK's found that the addition of large quantities of 
organic matter to a, soil cause a decrease in cro]) yield. This is 
es]>ecially true vith reganl to the carhohydrates and it has often 
})(‘en intcr])retcd as indicating rajad denitrification, Init Pfeilfer 
and J.emmermann have jiointed out that there are at least three 
factors which may play a part, namely: (1) direct injury to the 
growing jilants hy large (juantities of organic matter; (2) fixation 
of solulile nitrogen hy the increased activity of different organisms; 
(d) denitrification proper. 

It is ({uite }>rol)able^ that tlu; last is of the least imjiortance, for 
Voorhees and Lijaiian after ten years’ iuxi^pstigations under care- 
fully controlled conditions conclude “ that at least with cow manure, 
used at the rate of sixteen tons jier annum for a period of ten years, 
no destruction of nitrogen takes place. Jii view of the long duration 
of the ('xperinu'iit and of th(‘ comparatively large amounts of 
manure used in the course of the ten seasons, we must assume that 
denitrification is not a plumomenon of economic importance in 
general farming and under average field conditions. We have no 
liesitation in emphasizing again the view expressed above— that 
under the wide range of field conditions, denitrification is not a 
phenomenon of economic significance to the general farmer.” 

Moreover, at Rothamsted a plot of ground, 0.001 acre in extent, 
has been kept free from vegetation by hoeing for thirty-five vears. 
1 )uring this time it’has lost on(‘-third of its original stock of nitrogen, 
but all except 1 10 pounds of this is accounted for by the nitrates 
in the drainage water, as may be seen from the following: 


Nitrogen in «>>!. 
1870 1905 

I’oumLs nitrogen 

1 per acre. 

1 1870 190.5 Loss, in j 

3,5 years. ! 

1 ! 

Nitrogen recoveretl 
as nitrates. 
1870-1895 

Nitrogen unaccounted 
f or. 

0.146 0,102 

! 3.500 2450 1050 

940 

no 
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Russell, coiiimeutiiiy: upon the results, states; “TJie experiment 
is not tine enough to justify any diseussion of the missing 110 imiinds, 
hut it shows that the loss of nitrogen is mainly due to leaehing out 
of nitrates.” 

It is even doubtful if denitrificcition goes on to any a])j)reeiable 
extent in a Avell aerated soil even though it eontnins eonsideral)le 
nitrates. The nitrat(‘s, however, may disai)p(‘ar as seen from the 
following results in Avhieh the author mixed 2 grams of dried blood 
and 3724.8 parts per million of various nitratixs with 100 grams of 
soil made the moisture up to IS per cent, and after twiaity-one 
days ineubation at 30® ('. reeovered the Aarious ])ereentages of 
nitric Jiitrogen. The untreated soil was taken as 100 jier cent. 

I l’iT ('iTit. of iiitri • iiitro'cii fouml in (he prrsenco of 

■ 


(p. p.m.) 

1 




1 


NfiNOs KN():, 

(’fl(N()3l2 


i Mii(\().,); 

1 l'V(\(.)' 

None 

100 i 100 

100 

JOO 

! 100 

j 1 00 

.'1724.8 . 

-13.9 41.2 

20.2 

;i.5 4 . 7 

17.8 



This indicates a loss of nitrates Avhere sodium, ])otassium, ealeium, 
magnesium, and manganese nitrates had been applic'd to the soil. 

An amdysis of the soil for total nitrogen shoAVf'd a loss only AA'here 
the potassium nitrate Avas applied to the soil, and in this ease it 
Avas only 5.00 mgrns. in place of 41.2 per emit., as Avas indicated by 
the first results. ♦ 

(Jain ( V) or loss ( — ) in 
nitroKon ovor soil receiving 


Treatment. no nitrate. 

])ricd blood -j- no nitrate O.OU 


“ “ d 84. 0(i niR. N.N. as KNOs . . .. -S.Dtiings. 

+ S4.06niK. N.N. usNiiNOs . . 1..34 

+ S4.06ing. N.N. as Mg (N03)2 . 25, 14 

d- 84.00 ing. N.N. asFefNOa)* . . . .‘{7.04 

d- 84.06mg. N.N. as (:a(N(J3)2 - 42.. 54 

+ S4.06mg. N.N. as Mn(N() 3)2 . . . 48.. 54 

Function of Denitrifiers.— Huge (luantitics of organic and inorganic 
nitrogen find their way into the septic tanks of large cities, and 
much of this is returned to the atmosphere by these bacteria. Morc- 
oA^r, that Avhich reaches the lakes and oceans is also acted upon by 
denitrifying bacteria; hence, they play a part, although of minor 
importance in the nitrogen cycle. 
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CHAPTER XXril. 

AZOEK ATJON. 

Tjik maintenaiico of the nitrogen siip])ly of the soil is the phase 
of soil fertility which has received greatest consideration both from 
the scientist and from tlic ]>ractical agriculturist. Nitrogen is one 
of tlie more expensive cominercial fertilizers and is, in the majority 
of soils, the limiting factor of crop production, d'he su])ply of com- 
bined nitrogen on the earth is comparatively small and it is possible 
to calculate aj)])roximately the time necessary for its exhaustion. 
Basing his con(*lusion on such a cakailation, at least one scientist 
has j>redicted dire calamity to the human rae(‘ wen* scic'uce not al)le 
soon to solve this })rol)Iem. vSeience has measured uj) to its require- 
ments in this regard, for the synthetic production of coml)ined 
nitrogen has been accom]>lished, and this in a manner so higlily 
satisfactor\ that it is able to compete successfullA' with the product 
of natural d(‘posits. Advancements liave also l)een made in our 
knowledge of the underlying principles influencing the natural proc- 
esses which govern the fixation of nitrogen in the soil. Although 
there is much yt‘t to be learned in this field it is upon the control 
of these natural ]>rocesses that ultimate success will be based. 

Historical, -ft has been known for generations tliat uneropi)ed soils 
increase in fertility. Less ancient, however, is the knowledge that 
this increase may be due to a gain of nitrogen in the abandoned 
soils. Even more recent than this is the knowledge that it may be 
due to bacteriological action. 

In tlie middle of the nineteenth century Boussingault wrote: 
'‘Vegetable earth contains living organisms— germs- -the vitality 
of which is susiamded by drying and reestablished under favorable 
conditions as to moisture and temperature.” He also hinted at the 
fact that these microorganisms take part in the process of nitrogen 
fixation. He spread out thinly 120 gm. of soil in a shallow glass dish 
and for three months moistened it daily with water free from 
nitrogen comi)oiinds. At the end of this time analysis showed that 
it had lost carbon, but had gained nitrogen. It was not until thirty 
years later that Hellriegel and Wilfarth made their discovery of 
nitrogen-fixation by symbiotic organisms. At that time the labora- 
tory technic of modern bacteriology was still undeveloped. Since 
then, however, we have learned much concerning the relationship 
of plants to free and combined nitrogen of the air and of the soil. 
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VVe know tliat soil gnins in nitrogen are often due to micnHirgMiiisins, 
either living free in the soil or in eoin])any with the higluT ])lants. 
'riic ])ro(hietion of nitrogen compounds out of atinos])herie iiitrog(Mi 
by bacteria iude])endeiit of higher ]>lants is designated non-syinbiotie 
nitrogen-fixation, or azofieation. Wlieii fixation is aeeoinplislH'd by 
bacteria living in eonnection with and reeeiving Ixaiefit from higher 
])lants, it is called synd)iotic nitrogen-fixation. 

As (*arly as ISSd Bc'rthelot undertook the study of soils as 
regards their relationshi|> to free and eombined nitr«)gen, and as a 
result of these studies he was the first definitely to recognize that 
gains which occur in bare unsterilized soils are due to niieroseo])ie 
organisms. ITe found that when 50 kgin. of arable soil w(‘re ex])osefl 
to air and to rain in a A cssel for seven months, after allowing for the 
small amount of eom})iMed nitrogen brought down l)y the rain, then* 
was a gain in nitrogen of more than 25 ])er eeiit. In anotlu'r ex])('ri- 
ment in which the soil was first wjished free from nitrates, tlu're was 
a gain of 40 per cent. Many other ex])eriments showed gains from 
10 to 15 per cent. Berthelot was not content with the bare knowl- 
edge that nitrogen is fixed in the soil by living organisms, l)ut con- 
tinued his work with the id(‘a of isolating some of tlu'se organisms. 
With the aid of (luignard, he made soil inoculation into sterile 
bouillon and from this ])re|)ared gelatin plates. ( 'iiltures wer(‘ taken 
from the (‘olonies growing on the plates and bacteria were O'stc'd 
for tlieir nitrogen-fixing i)ow(‘r. His rc'sults were eonelusive that 
there exist within the soil chloroj)hyll-fr(‘e bacteria ea])al)le of fixing 
atinos])lierie nitrogen. His work had shown that these organisms 
act best at summer tein{>cratures, betwtam and 104'^ F., in the 
presence of a good supply of oxygen, a })ro])orti()n of A\atcr in the 
soil not exceeding 12 to 15 jH^r cent, and not falling below 2 to 5 
l)er cent. 

They rcfpiire carbon, liydrogen and enough eombiiK'd nitrog('n 
to promote initial growth. The nitrogen, gaiiual f)\' th(‘ soil was 
proteinac('ous in nature, being insoluble in wat('r. Although some 
of his soils had gained large quantities of nitrogen, he considered 
that the fixation of atmospheric nitrogen by microorganisms has 
its limits, since the organisms isolated drew from the atrnosidiere 
only so long as the amount fixed in the medium was not great. Heat- 
ing the soil to 2.30° T. immediately stopped the process. 

Prior to this a number of chemists, notably Konig and Kiesow, 
Arinsby, Birner, Kellner, Deherain and Avery. had found that when 
organic matter in one form or another undergoes fermentation there 
is frequently an increase of nitrogen in the fermentijig substance. 
Armsby states it thus: “We must conclude that decaying organic 
substances in the presence of caustic alkali are able to fix free 
nitrogen without the gain being manifest as nitric acid or ammonia, 
and probably without the formation of these bodies.” His explana- 
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tion of tlie proceSii waK that tli(‘ nascent liydro^^cn (;\'oive(l during’ 
the fermentation process reacttnl with the frc(^ nitrogen of the air. 
Otliers considered that the iictive aj 2 :ents were com])oimds of iron, 
manganese, and lime existing in tlie soil and in some way acting 
as catalytic agents. 

Bertlielot’s discovery interested Winogradsky who commenced 
work which e^’entnally bridged the chasm. lie em]>loyed, as a 
medium, a nutritive solution free from combined nitrogen, but con- 
taining mineral salts and dc'xtrose. Fifteen separate s])ecies of soil 
bacteria were isolated, but only one —a long sporebearing bacillus 
which developed normally in the absence of combined nitrogen and 
seemed to produce butyric ferim'iitation— hxed nitrogen to any 
appreciable degrc'c. Quaiititativt* tests showed that the maximum 
fixation was attained where no c()m})ined nitrogen was purposcl 
added, and that on the addition of such, hxation of nitrogen was 
diminished. For examjde, several determinations gave the following 
results: 

N as NHs in (lextroso solufion . . 2.1 4.2 6.4 8.5 21.2 

N fixed 7.0 ,5.0 5.5 :4.() 2.2 

dlie ]>resence of combined nitrogen tends to decrease fixation. 
He concluded that in order for an\' gain to lie made, the ratio of the 
combined nitrogen to the sugar should not exceed (i.lOOO. Because 
of tlie characteristic formation of clostridia in liis cultures, Wino- 
gradsky naiiual the organism Clostridiiivi. jmateiirimiuin. The con- 
clusion which the author reached, however, was that the power of 
fixing nitrogen is not general among microorganisms, but confined 
to a few special forms. 

Following Winogradsky, Caron made some interesting discoveries. 
Tie found that soils under leafy crops contain greater numbers of 
bacteria than those under grasses. He also observed that the bac- 
terial flora of soils in the spring are different from those in the fall 
both quantitatively and qualitatively. He used in vegetation 
experiments pure cultures of the • bacteria most frequently 
encountered in natural soils. Some soils were inoculated with 
bouillon culture, whereas others received only sterile liouillon. 
The crop yields were usually in favor of the inoculated plots, but 
showed variations from season to season. Exceptionally good results 
were obtained with a sporebearing bacillus which he termed Bacillus 
elleiihachensis. 

Caron’s work led to the commercial exi>loitation of his cultures, 
one of which, “alinit,” was the subject of much study and contro- 
versy. This culture was found to contain, according to Severin, two 
closely-related bacilli which he chose to designate as B. ellenhachensis 
A and B. These had the power to'fix nitrogen to some extent. Tests 
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with “aliriit,” however, havt? not (‘onhrnied to any ^o'eat extent the 
claims of its exploiters. 

In 1901 Beijerinek’s investigations led to an (wtix'iiu'ly important 
addition to the history of non-syin})iotic nitrogen-lixation. lie 
described a ik'w group of large aerobic bacilli to whieli lie gave tlie 
generic name' Azotohacter. 

In an early paper iniblished In Beijerinek and van Delden, they 
piaintain tliat Azotohacter arc iiiea})able of fixing ap)>reeiable 
quantities of nitrogen in j)nre culture, but are dej)endent to a, large 
extent on Granuloharfcr, Jladiohacfcr, Aewhader. They considered 
that in mixed cultures the Granulohader, Radinhndrr, and Aerobader 
possess the j)ower of fixing nitrogen in the ])resenc(' of Azotobader, 
which grows at the ex})enst‘ of the combined Jiitrogcn ('scaping from 
them into tlie solution. 

A little later (Jeiiach and \’ogel succc'cded in isolating from soil 
the Azotobader of Beiji'rinck and iji showing that in ]mr(' cultures 
and in the presence of salts of organic a(*ids, Aziilobadrr are ca])able 
of acjtive nitrogen-fixation. They obtained a fixation of 9 nigm. 
of nitrogen in a 1 per cent, solution of grajx' sugar. But Beijerinek 
challenged this assertion, claiming that their cnitno's w('r(' not pure 
but W(‘re mixed with other forms difficult to separate. The claims 
of (ierlach and 5 Ogel wc'n* substantiated by tlu' work of Tn'udc'U- 
reieh, Koch and lapinan. 'I'lie latt(*r not only slio\\('d that the 
Azotobader ]x)ssess the power of fixing nitrogen in i)ure cultures, 
but he ('xplained the failuix's reconh'd by others. 

Altliough not lu'cessary, the pres('nc(‘ of otlicr organisms oft('n 
proves advantageous. Idpman found that in the ])rescnce of such 
forms as li. radiohader and B. Jeranijormus tlu* nitrogen-fixation is 
faster and goes on at a more regular rate. 

To th(' two species of Azotohaeter .1. ehrcoecceuni and A. ai/ilus— 
described by BeijtTinek and van Delden, Li])man, addl'd .1. nne- 
landii, .1. beljeritwicii, and A. irooddoirnll. Tati'r Liihnis and 
Westermann deseribtxl A. vitreinn , and after a study of 21 cultures 
of various Azotobader concluded that then' represented only four 
types. A. chrcdcoccuni is most widely distributed in the soils so far 
studied. 

The discussion of the subject thus far has Ix'cn more or less con- 
fined to the Azotobader, but inxe.stigations of Beijerinek and van 
Delden, Ldhnis, Moore, (Tester, Bnxlemann and others have 
brought to light other microorganisms having the i)ower to fix 
nitrogen. Among these arc B. vicsentcneus (which fixes aj)i>reeiable 
quantities of nitrogen), B. pnewiionicB, B. lactis vtscosus, B. radio- 
bader, B. prodigiosus, B. a^terosporm and B. amylobader. 

Bredemann, after a careful study of the inor])hological and physio- 
logical characteristics of eleven “original species of other investi- 
gators and of sixteen cultures prepared by himself from various soils, 
concluded that all belong to the .single species B. amylobader of 
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van Ticgliein. Since tliis, however, tliere has l)een described at 
least one Merobie elostridinin. MoreovtT, Onielianski considers 
that the Clostridium pastcurianiim, isolated from the Russian soils, 
is clearly a ni(H’pholofj:ically distinct race. An idea of the activity 
of some organisms in fixing? nitro^jjen may l)e obtained from tlie fol- 
lowing results re]>orted by Lohnis. In every 100 c.c. of 1 percent, 
mannite, or grape sugar soil extract, there was fixed, in the course 


of three weeks, nitrogen as follows: 

Mg. 

liact. chrysof^looa 1.4 

Bact. tartaricijs 0.3 

Bact. lipsiensf? 0.2 


C. B. Idpinan tested 18 organisms, including yeasts, pseudo- 
veasts, and molds, nearly all of which showed a more or less })ro- 
nounced power of fixing atmosph(‘rie nitrogen. 

Pringsheim has isolat(‘d from ordinary garden soil certain thermo- 
philic organisms which fix from 3 to (> mgni. of nitrogen per gram of 
dextrose when incu))ated at (>1° in a Winogradsky’s solution to 
which a little soil extract was added. Duggar and Davis have 
recently investigated the subject of the fixation of nitrogen by the 
filamentous fungi, Aspenjillus nigpr, Macrosporium commune, Peni- 
cillium diffitatufu, Pe.vjmnsum, Gloruerella, Gossypii, and Phoma 
betcB, {mkI of th(‘se only the last-nanu'd was definitely proved to be 
able to fix nitrogen. It is thus s(‘en that the power of fixing nitrogen 
is a characteristic possessed by many microorganisms, in contradic- 
tion to the suj)])osition of Winogradsky that this power is limited 
to a i>articular, or, at most, a few species. This is especially empha- 
sized by the recent work of Kmerson who examined soil which 
contained 2,400,000 organisms per gram which would develop on 
nitrogen-free mediii. Of these, 97 per cent, possessed the power 
of fixing nitrogen; tlu'y coii-stituted at least four distinct groups. 
Nevertlieless, the most important group yet discovered is the 
Azotohacter , and it is with these mainly that this chapter deals. 

Distribution. —44ic nitrogen-fixing organisms are widely distributed, 
occurring in most soils. Lipinan and Burgess, who studied the nif:ro- 
gen-fixing flora, especially those of the Azotohacter group, of 40 ^oils 
from Egypt, India, Japan, China, Syria, the Hawaiian Islands, 
Guatemala, Costa Rica, Spain, Italy, Russia, Mexico, Asia Minor, 
Canada, Unalaska, Santoa, Australia, Tahiti, Belgium, Queensland, 
and the Galapagos Islands, found every soil possessed the power of 
fixing nitrogen in mannite solution. About one-third of the soils 
contained Azotohacter; frequently the same soil showed the presence 
of two or three different species of Azotohacter, A. chrodcoccum, 
however, was the most prominent. It was also found most widely 
distributed in the various soils. Groenewege found Azotohacter in all 
but one of a series of Java soils. 

Several hunclred ITah soils have been examined and all found to 
fix nitrogen, many of them without the addition of carbohydrates. 



DISTRIBUTION 


253 


Aerobic Azotohacter art' prc'sent iu nearly all I 'tali soils. TIuteliinson 
found the Azotohacter in all the Indian soils examined. They occur 
in cultivated more frecpiently and in greatcT numbers than in virgin 
soils, ddiis probably accounts for the much higher nitrogen-fixing 
power of cultivated soils. 

Azotohacter were found in only two out of (it localities in the soils 
of Danish forests. Both of the soils which gave positive tests were 
from beechwood fon^.sts and contained calcium carbonate'. Although 
the soils of these forests rarely contain enough cMi'bonate to ellervesce 
they are usually neutral or slightly alkaline. They contain calcium, 
but in forms other than the earlxinate. It is gt'iierjilly understood 
that Azotohacter occur commonly in soils which contain sufficient 
calcium carbonate to effervesce when acid is added and that they 
scarcely ever occur in acid soils. Their disa])]x*arau(e from soil is 
usually due to the absence of basic substances, especially of calcium 
and magnesium carbonate, and not to the |irt‘sence of toxic sub- 
stances. However, they are frequently not ]>res(‘nt in ])eaty soils, 
where their absence cannot be attributed to a lack of lime. 

The atTobic nitrogen-fixers arc ])robably more widely distributed 
in soils than are the anaerobic, for, although both groiqis an* gener- 
ally found in the Russian soils, the aerobic are found in the sands 
of Kirghesc steppes and in the peat soils of tht' Province of Arch- 
angel in which the anaerobic forms are absent. Auaiu'obic nitrogen- 
fixers are, however, quite widely distributed in soils iuid an* at tirm'S 
found on the lea\ (‘S of forests tree's. 

The nitrogen-fixing organisms are confined almost entirely to the 
first three feet of soil, although they Inne been found in soil at all 
depths down to th(‘ tenth foot in the \’ery favorably constituted 
loose soils of Nebraska. 

They are most active in the upper lew inches of soil, as is indicated 
by results obtained by Ashl)y. 


Avfi'aKi' 

Depth nitrogen fixed. 

Boil. inches. mgni. 

Little Hoos 10 9.23 

Little Hoos 20 7.29 

Little Hoos .30 4.00 


Reports on some Hawaiian soils show them to be etpially active 
at all depth's to 4 feet, but this must be considered an excejttion, 
for the examination of numerous soils in Utah has shown a gradual 
decrease in nitrogen-fixing powers with depth. The a\’erage of 
several hundred determinfitions, in })oth .solution and soil media, 
are given below: 


Nitrogen fixetl in 
Nitrogen fixed in 100 cc. of Ashby’s 

100 gm. of soil + solution with 1.5 

I..*! gm. of inannitc. gm. of mannite. 

Depth of sample. mgm. mgm. 

Firstfoot •‘>.28 2.11 

Second foot .2.42 0.77 

Third foot 1.55 0,58 
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41iese samples were rollected witli siieli gr(‘at can’ that there was 
no possibility of the mixing): of one foot section with another. It is 
interesting to note that while the actual gain in nitrogen ])er grain 
of inannite is over twice as great in the soil as in tin* solution, yi't 
the relative gain jier foot section is the same in both, ddiere is 
about one-half as niueh nitrogen fixed in the second as in the first 
foot, and one-fourth as inueh in the third as in the first. 

The nitrogen-fixing organisms are not confined to th(‘ soil alone, 
for Beijerinek and x an Dclden first isolated Azotohacter (uiilis from 
canal water in Holland. Azotohacter chroococcimi and B. Clostrlduw^ 
paste uricmi nil are both found in many fresh and salt waters, living 
on algte and plankton organism. 

Reaction of the Media. The distribution and the physiological 
effieieney of the nitrogen-fiying organisms, especially of the Azoto- 
hacter species, are govta-ni'd by th(‘ |>hysieal and chemical ])ro])erties 
of the soil, forcMuost among wliieh is the basicitv' of the soil, namely, 
its calcium or magnesium earbonate eoiitent. Ashby bases his 
method for obtaining pure cultures of Azotohacter upon this projierty, 
for he finds that b\' ]>ieking out the crystals of the carbonati^ from 
the soil and seeding them into nitrogen-free media the liki'lihood of 
obtaining the organism is gn^atly increased, d'lie addition of calcium 
earbonate to a soil often inereastvs its azof\ ing ])ow(‘r, the extent of 
which increase de])ends on the lime re(|uirements of the soil and on 
the fineness of the adtled limestone. 

(diristensen has suggested that the Azotohacter be used as an index 
to the lime requirements of a soil. d^Iie test should include botli a 
search for the organism in the soil and a test of their ability to grow 
when inoculated into tlie soil. He and Larson examined more than 
one hundnal soils of known lime requircMnent. d"h(‘y determiiK'd 
the carbon dioxid set free by acids, the amount of calcium dissolved 
by an ammonium ehlorid solution, the behavdor of the soil toward 
litmus, and the biological t(‘st. The result of this test was that the 
biological test agri'cd with the known condition in 90 ]>er cent, of the 
eases, the ammonium ehlorid in 50 per cent., the litinus in 40 pc'r 
cent., and the carbon dioxid failed more often than not to indicate 
the correct condition of the soil. 

Fischer failed to find Azotohacter in a heav>' loam soil containing 
only 0-145 per cent, of lime, while adjoining limed ]>lots had an 
Azotohacter flora. The quantity of calcium carbonate which must 
be added to obtain maximum fixation varies with the soil. 

A West Virginia Dekalb silt loam^ which required 0.175 per cent, 
of calcium carbonates to render it neutral by the Veitch method, 
gave greatest nitrogen fixation when 0,375 per cent, of calcium 
carbonate was added. Above this concentration azofication 
decreased, but wlien phosphorus was applied with the lime it was not 
toxic even when pre^^ept in quantities as great as 0.5 per cent, It is 
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certain that large quantities of calciinii carlxjnate may be present 
in soil without injury to the a/ollers. 

The author found numerous Azotohackr aiid a wry nctive nitro- 
gen-fixation in a soil 4d per cent, of which was calcium and mag- 
nesium carbonate. 

The orgaiiisms develo}) normally in the ])reseuce of either calcium 
or magnesium carbonate, but in li(|uid culturt's tlie film devc'lops 
CJirlier and it contains less foreign organism in the ])res(Mice of mag- 
nesium carbonate than in the pn^scnce of calcium carbouatt’. The 
actual nitrogen fixed, as re])orted by Ashby, is also gn-ater where 
the magnesium carbonate is used. This he attributes to the sn|>- 
pression by the magnesium of fonagn organisms, es])eeially of the 
butyric acid ferments. 

There is, however, a marked dilfert'uce in tin* action of calcium 
carbonate and magnesium carbonate' when they are ap]>]ied in large 
(luantities. Li])maii and Burgess found tin' cnlcium carbonate stimn- 
lating and never toxic to Azotohacter chrodcoccinn in conc('ntratit)ns 
vq) to 2 })er cent, in mannite solution. The magnesium earl)onate 
was shar]>ly toxic in higher cone'cntratious ii]) to 2 ])er c(‘nt. in 
mannite solution. The magnesium carbonate' was shari)ly toxic 
in higher e‘e)ncentratious abe)ve 0. 1 to 0.2 |;e‘r e-e'iit. in such e'ulturcs. 
The calcium salt is withemt effect when aelde'el to most soils up to 
1.4 pt'r (‘ent., but the magnesium carbonate' is even more; toxic in 
.soils than in solutions. Men-een-er, their work inelicate's that cale-ium 
e.xerts a ]>rotecti\’e influence, in be)th soils and solutions, against 
the te)xic influene'e of magnesium. The be*st ratio of calcium to 
magnesium varies with solutie)n anel soil. 

In many .se)ils lime increa.ses the uitre^gen fixe'el, foi' Krzernieniewski 
fouuel limed soil to fix in te'ii elays 17.52 mgm. of nitrogeni, whereas 
aelje)ining unlimeel soil fixeeronly 7.15 mgm. ddiere* is, howeve'r, the 
tH).ssibility of ap]>lying too large a e|uantity e)f the e*austic lime and 
thereby dee*re‘asing nitrogen-fixation, a e‘onelitie)n which has neve'r 
been experienceel in the use of the e'arbonatc. 

Von Feilitzen, he)wevcr, found neither a, elirect relatie)ushii> be- 
tween lime content of moor .soil and the develo] >mcnt of Azotohuier, 
nor relationship between their development and the rcjiction of the 
soil. But this only serves to illirstrate the fact that although lime 
and neutral or slightly alkaline media are e.s,seiitial, th('y will not 
ensure a rich Azotobacter flora in a soil unless all other conditions 
are optimum. Reniy found sodium and |)otassium carbonate less 
favorable for nitrogen-fixation than was calcium or magnesium. 

So far as the writer is aware, Krainsky is the only worker who has 
found sodium carbonate more favorable than calcium carbonate. 
This may have been due to the sodium carbonate’s liberating plant- 
food which wgs in the soil in an insolid)le form but which was essen- 
tial to the deyelopipeut of Azotobackrs jVIockcridge has found that 
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the presence of sodium salts is unnecessary and depressing at least 
to the growth of Azotobacter. The Ixmeheial effect ascribed to sodium 
chlorid solution in inoculating agar plates is due to the fact that 
this licpjid is isotonic with the cell content solution, hut the sodium 
hydroxid is a far less advantageous neutralizing agent than is cal- 
cium or magnesium carbonate. Furthermore, Li]nnan failed to 
stimulate the azofiers with an\' of tlie sodium salts. 

Food Requirements of the Azofiers.- Thes(‘ organisms ])robably 
re(|uire for their nutrition the same elements as do the higlier plants, 
namely carbon, hydrogen, oxygen, jiitrogcn, potassium, phosphorus, 
sulphur, calcium, magnesium, and iron, and possibly aluminum and 
manganese. 

They obtain their carbon and hydrogen from organic compounds, 
prefcrablx’ from carbohydrates, which are considered in detail under 
sources of energy. Oxygtm is obtained either from the atmosphere 
or from combined source's depending on the species and the condi- 
tions under which tlie\' are grown. 

A marked ditference between these and the higher i>lants is that 
they possess the power of obtaining their nitrogen from the air, but 
in the ]>resence of combined nitrogen tliey obtain but little from the 
air. Lipman, Stranak, lleinze, and Stoklasa found that small 
(piantiti(\s of nitrates stimulated wheix'as larg(^ quanti- 

ties discouraged nitrogen-fixation since the organisms live on the 
nitrates. This is tla^ ease whether the nitrates are added to the soil 
or to the solution in whic’h nitrogen-fixation is taking ])lace. Cole- 
man considers this action as due to several dilfereiit factors: namely, 
{a) a direct toxic action of the salt, (b) antagonism of other organ- 
isms which it favors, (c) the using up of the energy supply by 
these organisms, and (d) the discouragement of fixation by the use 
of sodium nitrate. The last would seem to be the most important 
fac tor when viewed in connection with the following results reported 
by Hills: 


llelative per cent, of nitrogen fixed. 


lieltitive number of orgunism^. 


Sterilized soil. 


Unaterilized soil. 


Treiitment ! 
nitrate. 
Mgrii. 

KNO, 

NaNOs 

Ca(NO,)» 

NaN(')i 

Ca(N03)2 

NaNOa 

CaCNOaia 

0 

100 

100 

100 

100 

100 

100 

100 

10 

:m 

191 

302 

100 1 

105 

240 

219 

50 I 

8210 

3150 

4528 

342 

371 

500 

444 

1 50 ' 

12 

117 

703 





200 

0 

0 

0 

352 

407 

879 

j 557 
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The num!)er of organisms develnjhrij^ and the nitro^nTjfixed in 
the one reeeiviiig no nitrate is taken as 100 ])(‘r cent. 

It is quite evident from these results that althou^di nitrates eanse 
more active miilti]>]ieation of Aztd()J)a('trr, it ^>T(‘atIy reduces tlieir 
physiological eflieieney. The organisms used by Iliils had ])rol);d)ly 
grown for a long time on media poor in nitrog(*n, and tln'ir ability 
to fix nitrogen was, therefore, higli. But would they eontiniie to 
exert this power if grown on media, rich in nitrogen? The (‘videnee 
})oints strongly to the eonehision that they would not. It is certain, 
however, that the nitrates are toxic in eom])arati\ (^Iy low eoneentra- 
tions. Nitrates an(himmoninm sulphate are rather eireeti\ «‘ in stimn- 
lating iiitrogen-fixation wheti X\w Azotobadcr are grow ii in (‘oniu'ction 
with the ec'lliilose ferments. Kven here, however, hii’ge (jiiantitii's 
decrease this })ower. 1 n }>nre cultures ammonium sulphat(‘ s(“riously 
retards nitrogen-fixation, whereas the nitrogen of humus, exaui in 
large quantities, a])pears to have no serious retarding iuflueiK'e. 
Nevertheh‘ss, a high nitrogen contiMit of soils st'cms to be unfavor- 
able to vigorous nitrogen-fixation. 

Whether this would be the ease where the nitrat(‘ cont(Mit of th(‘ 
.soils is ke])t low but with the readily (h'eonqxrsable ])i-ol(‘in nitrogen 
high, is yet to Ix' answered. Ililtner and Storiner consider that w hen 
the nitrogen content of the .soil j)a.s.ses beyond a certain limit, the 
decay bacteria increa.se rapidly, and in tin* .struggle f«)r existence 
they are abh', with the advantage at tluar disjmsal. to sui)])ress the 
more slowly growing Azotolmcter. 

Pota.ssium is essential to the higher ])lants and camiot be re])hiced 
entirely by related elements, yet (Jerlach and \h)gel earl\ j-eached 
the conchisiou that jxdassium and rnagne.siuin arx* not ('ssential to 
the Azotohaeter . Their results were, howaw er, geiu'rally considtaxMl 
erroneous, for wdiile as much nitrogen was fixed in twamty days 
without as with ])otas.sium, after forty days then* was no furtlx'r 
fixation in the solution without potas.sium, but in its ])resence the 
nitrogen gain nearly doubled. It was, therelore, argued that the 
traces of potassium left in the chemicals and dissoha'd Irom the 
glass during sterilization had been enough to ]>ermit de\ a'lo|)ment 
for a time. If these elements are essential, it must be in extremel\ 
minute quantities, for Vogel, using the purt'st chemicals ol)tainabIe, 
was able to })reparc potassium-free media in wdiich the Azotohaeter 
developed. lie did find, however, that ]x)ta.ssiuni favors their 
development. 

Phosphorus is required bythe.se organisms, large (piantities being 
used for the building of the nucIeo-prot(“ins and ])hos])ho-])rot(‘ins in 
which their bodies are extremely rich. MorcovxT, it greatly .aceeler- 
ates the reaction and economizes the carbohydrates; luaice it is 
rather evident that phosphoru.s plays a very e.s.sential part in Azoto- 
baeter metabolism. Possibly in the early stages of the process a 
17 
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definite eheiiiieal reaetion oeeurs between the pliospliate and tli(‘ 
carbohydrate similar to that oeeurrint' in alcoholic fermentation. 

1. 2Caii20G + 2 R 2 HI *04 2('<)-. f 211,0 + r 6 H, 0 () 4 (PO 4 R 2)2 + 

2('2lItO 

ir. r«Hio04(P()4R,)2 I 211,0 CeHi-jOfi + 2R2IIPO4 

ddi(‘ Azotohdctrr are able to utilize the plios])horiis of di- and 
tri-basic sodium and potassium ])hosphate and of dibasic calcium 
pliosphate. 

Mockeridjj^e o})tained an increase of 2o per cent, in nitro^ijen fixa- 
tion with basic sla^. ddier(‘ were two maxima, one with 0.4 ])er cent, 
the other with 1.0 ]>er c*ent. shi<>^. This is attributed to the stimulat- 
ing effect of the iron and manganese in the slag, the maximum (iffect 
of one being ])roduccd at 0.4 ])er cent., the other at 1.0 per cent. 
44ic tribasic calcium phos]>hate bone ash, iron, and aluminum 
])ho.s])hate all .serve' onl.v as difficultl\' available' se)ure*es of ])hos- 
phorus. Kaw roe*k ])ho.s])hate aiid ])e)ne me'al fail entirel^>' te) furnish 
enougli available* |)liosphorus for the de'velopment of Azotohacter. 

The addition of ])lio.s]>horus te) ;i soil often gre'atly incre'ases azofi- 
cation. 

Without With 

pliosphorus. pli().si)liorus. 


Trc.^tiviciit. luKiii. ingm. 

No linio 0.(5 0.9 

Lilli f 1.5 4.(5 


iVlore'over, ( liristense'n lias found soils in whie*h j>hos])horu.s is the 
limif ing eleme'ut in Azofofjactcr growth. I le entertains the ho])(' that, 
in view of the rt'lationsliip l)etweeii Azotohacter growth and lime and 
pho.sphorus, it will become ('ve'ntually jiossilile by the determin- 
ation of bae terial feiexl re'epiirements to secure a gcne'ral expres.sieai 
for the* soil content of ])lant-food available to eToi)s. lie further 
suggests that whe*re a mannitol solution free from phos])horus 
l)roelue*es a vigorous growtli of Azotohacter after inoculation with a 
soil, it mav’ be as.sumed that the .soil is not eleficie'iit in available 
phosphorus. 1 tzierzbicki notes that if soils are deficient in available 
lime, phosphoric acid, or jiotash, nitrogen-fixing bacteria, such as 
Azotohacter, are either entirel.\' absent or present ()nly in small 
numbers. 

Idiere is a definite relationshi]) between the carbon and phos- 
phorus content of a soil and the nitrogen assimilated. According 
to Stoklasa, Azotohacter as.similates from 5.0 to 5.7 grams of free 
nitrogen for every gram of j)hos]>horus used. Although these 
organisms are directly deiiendent ujion a readily available supply 
of })hos])horus to j^roinote growth, they do not change it into the 
organic form as rapidly as do the ammonifying bacteria. 

Sulphur is reepnred by the azofiers possibly for the formation of the 
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})rotciimm)iJs niatorial of their bodies. It is certain that tlu* f)enetit 
derived by Az :t )l)actcr from the sul])lmtesof iron and ealeinm is due 
in a large measure to the sulphur which I hese eomj)onnds sii])j>ly. No 
e\'ideMce has as yet been ]>ro(hieed which would h'ad ns to bi'liex e 
that the organisms can use sulphur as a source of (Miergy. 

(’aleium carbonate and calcium oxid, in addition to furnisliing a 
base which neutralizes the acid formed in the mc'tabolic proc<'ss(\s 
of the Az()t()b(i(i(n\ also furnish calcium to the organism. ( liristcnscn 
brought out tin' fact that Azotohurirr can <h'ri\ (' their calcium from 
dibasic calcium ])hosphate and some calcium salts of organic acids. 
They could not, liowevc'r, utilize the calcium of tribasic phosphate, 
of calcium chlorid or sul})hat(*. 

Ironis essential and either the ft'rric or ferrous sulphate is es]n'cially 
beneficial. Jlosing found the amount of nitrog('n fixed incn'ast'rl 
from 2.2.‘] mgms. to I ()..*> mgms. ])er gram of ma unite when iron 
sulphate was added to the cultural media. This is dm', in a grc'at 
<legree, to the iron which serxa's as food for the organisms, yi't its 
colloidal nature may play a ])art, for both organic and inorganic 
colloidal substances have an espi'cially favorabh' action on Azoto- 
hdrtcr, although the action of the inorganic colloids is fully [nanifest 
only in the prc'sence of organic colloids. If us<‘d aloiu'. largt' (pian- 
tities of the ferric hydroxid arc* (‘ssc'ntial for the niaximiim ('ffe(‘t, 
but in the ])res('nce of r)rganic colloids very small (plant itics of iron 
are eflective. This has been attributed to tiu' action of th(' colloidal 
iron which adsorbs the nitrogen and oxygen of th(' air and brings 
them into more intimate contact with the Azofolmdrr. This would 
not only accelerat(‘ the normal ]>rocesses of the a{M'ol)ic AzidolHirtcr 
by furnishing them with nitrogc'ii and oxygen, but it would t<'nd to 
supju'ess the anaih'obie process('S which art* (“Xtrcim'ly wastcinl ol 
the food. According to Kasc'rer, these' organisms also r('(piir(' 
aluminum. Although this may accelerate', it has not been pro^’ed 
to be essential to their growth. 

While not essential to the organisms, manganese is an cxtH'incIy 
active catalyzer in increasing proportions up to (i mgm. ])('r 100 c.c. 
of media. Above this concentration the reaction falls off rapidly, 
and at 20 mgm. it is le.ss than in the abse'iice of manganese. It is 
oxidized by Azotobaefer, and in the j)roi>ortion of 1 iJart to 200,000 
parts of soil it is an active stimulant. Olani consich'rs it likely that 
the increased yield obtained after the application of mangam'se 
compounds to a soil is due to its acceh'rating the action of the 
nitrogen-fixing organisms of the soil. 

Organic Soil Constituents, iteed found urt'a, glycocol, formiunid, 
and alhmtoiji activn in depressing nitrogen-fixation. This he 
attributes to the compounds furnishing the Azoiobacter an availa})le 
Source of c()ml)ined nitrogen and not to a direct toxicity. Hut 
Walton found that the ad(lition of urea, })eptone, aci'tamid, asj)ar- 
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a^in, .‘ukI casein to culture media had only a slinjht influence on the 
fixation of nitrogen by Azotohacter. 

(’affeinc, alloxan, betain, trimethylaniin, legumin, cinuainic acid, 
aspartic acid, asparagin, hi])j>uric acid, creatin, creatinin, xanthin, 
and hy])oxa.nthin, arc? all toxic to Azotohacter even in small (piantitics. 
Only the first two have been tested in concentrations dilute enough 
to stimulate, whic’h is remarkable, as many of these compounds 
stimulate the higher jdants and some can be: utilized directly by 
the plant. 

h/Sculin, vanillin, dajdmetin, cumarin, pyrocatecliin, lieliotropin, 
arbutin, resorcin, i)yrogalloI, phloroglucin, liydroquinon, sjdicylic 
aldeliyd, oxalic acid, quinic acid, dihydrostearic acid, rhamnose 
and borneol, on the other hand, do not stimulate in any concentra- 
tion. Nor are they toxic until fairly large quantities ha\e l)een 
added. In this regard the nitrogen-fixing organisms appear to dilVcr 
widely from the nitrifying bacteria and higher plants. The resist- 
ance of the nitrog(‘n-fix(Ts to various chemicals has likenvise been 
called to our jittcutiou by Lipman in his study of the influence of 
alkalies on nitrogen-fixation. 

Influence of Colloids. It was recognized early in the study of 
nitrogen-fixation that when sterilized soil is added to a nutritive 
nu'dimn it greatly in(*reas<‘d tlie quantity of Jiitrogen fixed. This 
condition is due to several factors and is ]>artly ex]3lained by 
Krzemieniewski’s results wherein he found that nitrogen-fixation is 
decidedly inen^ased by th(‘ addition of soil huirius, either as fna* 
humic acid or as salts of ])otassium, sodium or calcium. Kaserer 
maintains that this is due to the inorganic nutrients, especially to 
aluminum and silicic acid sujqdied to the microorganisms through 
the humus. Tin’s is ])robal)ly true in part, for th(‘ fixation varies with 
th(' humus dcri\cd from diflVTcnt sourc(‘s. MoreovcT, artifi(*ial 
humus, ])rc})ared f)y boiling sugar with acids, fails to stimulate. 

That much of tiu' beneficial eflVet is due to the constituents in the 
humus apj)cars likc'ly from the r(\sults obtained by Sohngen who 
found that colloidal iron oxid, aluminum oxid, and silicon oxid all 
greatly stimulated the iiitrogen-fixiiig powers of Azotohacter ahroo- 
coccuin. This he attributed to the absorption of oxygen find nitrogen 
by th(‘ colloid, which lu* maintains would make them more readily 
available to th<‘ organisms. The boiling of natural humus with 
hydrochloric acid would eith(‘r remove the foreign material or change 
it from th(' colloidal form, and thus, as has l)een found to be the 
case, render it inert. Ldhnis and (ireen take exception to this 
explanation,' for th(‘y found no adsorptive action exerted by humus 
on either the nitrogen or the oxygen. Furthermore, Rosing found 
that he could stimulate just as effectively with iron as with humic 
acids. But much larger quantities of colloidal iron are required 
when it is used singly than when used in conjunction with an organic 
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colloid. The extent of the stimulation resultin^^ vari('s with the form 
in wliich the iron is a]>j)li(‘(l and is mo.st <‘tt‘eeti^ e in the form of the 
hydroxid and in the ])resene(‘ of cane siifjjar. In this ease it is 
probahle that the saeeharate is th(‘ aeti\a‘ sul)stanee. fTenee, the 
eontradietory results re])ort(‘d may he diK* to the different min- 
eral eonstituents of the humus. 

These facts make it certain that colloids of the metals act as 
stimulants to nitro^en-fixin^^ l)a<‘teria, as does also enid(' liumus. 
('arefully puriti('d humates <lo not ]>ossess this pro])erty, l)ut it is 
possessed by the aqueous extract, the alcoholic extract, and the 
phosphotungsti(* fraction of the acjiu'ous extract from “ bacterized” 
peat. Whether this influence is due' to a catal\ tic effect, as'suf^^^^csted 
by Sbhn^mn, or whether tlu' substanc(‘ furnished a direct source of 
nutritive material is not clear at the present tirms 

Moreover, th(‘ colloid may act as a p?-ot(‘ctioii to the or^^anism 
against poison; for, when 10 jiarts per million of S(dublc arsenic is 
maintained in a soil, it acts as a, stimulant to AzotoJnicfer. If, how- 
ever, this proportion is arldccl to the Ashby nutritive solution it stops 
all nitrogen-fixation, ddiis is <ln(‘ in ])art to the adsorption of the 
arsenic by the soil, d'his adsorption would have to lx* attributed 
largely to the silica com]>ounds, for th(‘ nitrogen-fixing organisms are 
.stimulated by arscaiic in (juartz free from organic colloids. This 
could readily be due to tlu* arsenic becoming concentrated iit the 
surface layers of the silica, leaxing flic inn<*r ]>art of the water film 
eomparativ(‘ly free from arsenic, in which ])art of the wati'r film the 
microorganisms multiply and carry on their metabolic jirocesses. 
This being the case, one should and ])robably could find a water 
.solution weak enough to .stimulate bacteria. A great difference, 
however, between the .solution and the sand-culturc; method is the 
greater aeration in the sand. That the aeration of a culfure medium 
does play an important j>art in determining the actixaty of the 
nitrogen-fixing powers of a .soil is strikingly brought out in Fig. 18, 
page 124. 

Sources of Energy for the Asotobacter. The nitrogen-fixing organ- 
isms differ widely from other plants in their energy re(iuircments. 
This is due to the fact that they are carrying on endothermic reac- 
tions in which nitrogen is conceriu'd. This necessitates a greater 
supply of energy than is refjuired by otlua* liaett'ria. 4Tey are 
similar to most other bacteria in that this energy must be su])plied 
by an organic comj)ound, ]>referably one of the carbohydrates. 

Berthelot in his early work maintained that the gains in nitrogen 
noted in some soils were due to the action of biological agents on 
the humus of the soil. I'his was followed by the observation of 
others that when forest leaves are allowed to decompose in soil there 
is an increase in its nitrogen content. Koch in 1907 increased 
nitrogen-fixation by the addition to soil of dextrose, cane sugar or 
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starch, hut there was practically no increases wIkmi straw, filter 
])aper or hu(*kwheat was applied. Yet Stoklasa showed that tlu; 
decoiuposition prodiu^ts of these suhstan(!es Jieted as a valuable 
source of energy to tlu^ Azotohavter, and Strauak considered that the 
pentosans of the soil are of tlie greatest importance; in the assimila- 
tion of nitrogen h.>' soil bacteria. 

A fair idea of the great vari(‘ty and relative efficiency of substances 
which may serve as a source of energy to the azofiers may be obtained 
from the work of Ltihnis and Pillai. They in()cnlat(;d a nutritive 
solution with 10 gm. of soil and after ten days determined the gain 


in nitrogen. 

Nifrofrnn fixed 

Substaiiee ad<led. afterJO daya 

iiiKin. 

9.40 

Xylose 9., 5 4 

Luctosc 9.12 

J^(‘\ulosc .S.52 

Inuliti 7.72 

CjuUicfosc 7.Sfi 

Malto.so 7.44 

Aral)ino.s(‘ 7.62 

Dexfrin 7.18 

tSucro.s(> 8.60 

I)(‘x(i'os(‘ 4.62 

.Stareh 8.36 

Sodioni faidrute 2.82 

(llyc('rin 1.68 

ISodiiitn siK'cinatc 2.96 

( 'iilciLiin laef a(<' 2.49 

Sodium ciOaft' 1.42 

Sodium i>roi)ioiiat(; 1.10 

Potassium t)xulat(! 0.12 

f'alciuin laityrati; 0.02 

Humus 0.96 


Other workers hav(‘ noted larger gains of nitrogen than those 
noted by Lbhnis and Pillai, Init they can n^adily f)e attributed to the 
time of iiu nliation — in this case, ten days being far too short for the 
comjilete utilization of th(‘ carbonaceous substance applied; the 
s])ecics of nitrogen-fixers which are i)ringing about the change; and 
whether pure or mixed cultures are used. The order of effectiveness 
noted af)ove, however, is that recognized by most workers. Brown 
and Allison, however, do report results in whi<‘h greater fixation 
was obtained with dextrose than with mannite. Jfnt in this case, 
calcium or sodium carbonate seems to be even more necessary than 
it is with the mannite. Aloreover, .some species utilize one carbo- 
hydrate most effectively and another .species a different one. To 
this list may be added malate, gum tragacanth, ethylene glycol, 
methyl,- ethyl, and {)ropyl alcohols, lactic, malic, succinic and gly- 
collic acids. Fatty a(*id.s are readily utilized, the amount of nitrogen 
fixed being greater with the increased molecular weight, from 1.47 
mgm. with formic acid, to f).()8 mgm. with butyric acid. Most of the 
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iKiturally (Kriji-riii^^ <;lnc()si(l(‘s and many iKaizin <l(M’ivati\(‘s are 
iinsnitable as sonr(‘cs of cma’icy for Azolohackr. Afolasses, which 
should scr\'(‘ as a useful source ol <‘n(‘r<,^y, often n'sults in a loss of 
nitro^jen when aj>i)lied to the soil, ddhs may 1)(‘ due to the time of 
applyin^^, for Peck maintains that molasses ap])licd to a. land lying 
fallow at an interval o( se\’eral weeks l)(‘tore ])lauting of tlu^ cro]) 
may produce hem'ficial r(\sults l)y ijiereasing nitrog(*n-hxation. 

Peijerinck early recognized that certain decom])osition ])roduets 
of cellulose can also serv(‘ as sources of (‘iic'rgy f<u- Az()tt)ha(‘im\ and 
Pringsheim found that (Aostridiuiu (tuicrinfnimi do('s not fix atmos- 
pheric nitrogcMi on sterilized cellulose* unless other carbohydrates 
like dextrose*, lactose, mannitol, or sne*n)se arc ])re‘se'nt. However, 
in the piTsence* of e'ellulose, Clostridium w ill fix nitroge'ii and this 
more e*ffie‘iently than it will in the re*gular e*arbohydrat(‘ me'dium. 
ddie same; holds lor agar. Just how eom])let('Iy cellulose* must be 
broken down be'fore* it e*an be ntilize*d by Azotohuctrr is not de'finitely 
known, but it is kne)wn that Azolohnrfrr cannot utilize* e‘e‘ilobie)se 
except when greewn in ce>njuiie*tie)n with Asfjcr(jillus ui<jrr eer eether 
orpnisms. It is, there*fe)re, e-e‘rtain that tlie* ]>re)ehie*ts whie*h [ire 
utilizexl by the Aztdoharfrr [ire* cenniainitively simple*. 

Cellulose when a])plieel to the soil imiy serve [is [i V[du[ibl(* se)ure*e 
of energy, provieh'el suflieient time* is [diowe'el lor its elee ompeisitiem. 
The cellulose ferment is jmibalily the* most elhe-ient orgeinism in the^ 
soil in bringing about this eh‘e*omj>e)sitie)n. But the number eif soil 
fungi which peissess this peiwer is large. 

Hoppe Seyler thinks that e*elhilose* is ele*e‘e)mpe).se‘el [ice*e)reli ng to the 
folle)wing formula: [a) the hyelnition of the e*ellule)se with the 
formation of hexose*, 

the destriK’tion of the carbohyelrate wath the* feirmatie)!! eif eepial 
quantities of carbon dioxid [ind metinme. 

C«Hi206->3( ’( ’II 4 

None of the cellulose ferments stuelied by Me-Beth, however, yieleled 
gaseous products when [icting on eelIuIo.se or sugar; h(*nce the 
Azotobacter probably gets from the cellnIo.se iernients, pento.ses 
and hexoses, and similar products u|>on wdiich th(‘y c[in readily fix 
nitrogen. 

At times in fermenting straw- and in[uiiire, the thermophilic 
anaerobic bacteria play a major part, in which case bitty acids 
probably make up the greater part of the end jiroducts. 

It is claimed by Dvarak that substances with low carbon and high 
oxygen content are usually the best soiirces of energy for A. cfiroo- 
coccum, which assimilated 5.73 mgni. of free nitrogen per 100 gm. 
of carbon in pine leaves as compared with 1237.!) mgm. per 100 gm. 
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of carbon in red clover. He obtained for other substances the 
following; n'snlts: 

J ir)().r) in^m. of nitrogen ])ei* 100 gm. as glucose. 

2S0. 1 rngin. of nitrogen ])er 100 gin. as (‘ornstalks. 

596.8 ingin. of nitrogen jm'i* 100 gin. in stalks and root residues of 
corn. 

525.4 ingm. of nitrogen ]>er 100 gin. in wheat straw. 

Odie carbon-T-nitrogen ratio in compounds is no indication of their 
\alue to nitrogen-fixing organisms, for non-ieguminous liavs and 
straw^s are utilized just as effectively as are the legumes. Mockcridge 
found that the ratios of nitrogen fixed to the hea t of combustion with 
the four lower fatty acids is almost constant. 44ie same holds true 
with starch, dextrin, and gum arabic, when allowance is made for 
ex]>eriinental error, which is greatiT with these compounds than 
with the simpler compounds. This close relationship is not, how'- 
ever, graduated and no such uniformity is ol)ser\ ed with the series 
of monohydric alcohols. 

The ((uantity of nitrogen fixed |K‘r gram of c*arbohydrate ^arics 
greatly w ith the sjiecies. Winogradsky found CloMridhmi pasteuria- 
niivi to assimilate 2 to 5 ingms. of nitrogen for each grain of sugar. 
But this like otluT anaerobic organisms is very wasti'ful of energy, 
leaving much of it in the butyric acid, acetic acid, and butyl alcohol 
formed. In the experiments of Bredemann w ith B. aiiiylobactcr and 
of Pringsheirn w ith ClAhstrldium (imericumnn, the amounts fixed were 
at times much larger. Much greater fixations have been reported 
with Azotohacier , and Lipman has obtained as high as 15 to 20 mgms. 
of nitrogen per gram of mannite assimilated by . 1 . vuwlandii. dliis 
quantity is considerably greater than that fixed by any of the other 
members of tlu^ group. 

Koch and Seydel claim that the usual method of estimating the 
nitrogen-fixing janvers of Azotohacier is erroneous, as it does not 
re}jresent accurately the intensity of the jirocess. In a series of 
experiments made liy them, the amounts of nitrogen fixed per gram 
of dextrose used w ere 55, 70 to 80, 20 to 50, and 5 to 8 mgms. on the 
first, second, third, seventh, and eiglith <lays, respectively. 

Krainsky considers that there should be sufficient organic matter 
in the soil to jiermit that for 1 part of nitrogen formed there will be 
90 parts of carbon for the use of the organism. Odie organisms, how- 
ever, utili/i; the carbohydrates more economically wdien only small 
quantities are present. Walton finds with Indian soil that highest 
fixation is obtained per gram of mannite w hen 10 grams are used in 
1 liter of nutritive solution. Young, vigorously growdng cultures 
usually fix more nitrogen than the older ones. The nitrogen fixed- 
is greatest in the first stages of the growth of the organisms, as is 
seen from Fig. 33 from the work of Omelianski. 

The efficiency of these organisms is, therefore, greatest when they 
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are rapidly imilti]>Iyiii^, and it dcereases as their inetjiholic products 
accumnlatc. lIoHniann and Ilaniiner claim tins to he due in impiin' 
cultures to a, loss of nitroj^cn or fret' ammonia occasioiu'd hy the 
dccom])osition of tin* c(‘lls of Azotohactcr. d1iis <‘\])lana(ion would 
hardly hold in the i>rcsciicc of jairc cultures, unless we aserihe the 
hreakiiif," down to an autolytie ferment secreted hy th(‘ Azolohackr 
cell. According to Koch and Scwdel this indieat(\s that in the latter 
stages of fixation, when there occurs an aeeumulation of nitrog(‘nous 
material in the medium, the organisms em])Ioy tlu' earhohydrates 



Fig. 33. — Grapli showini? the fixation of nilrogen and deconipo.siti^jn of .su«ar in 
mixed cultures of Azotohacler rhrodcoccnm and ('losindium pa-deurianuni. 


for other purposes than for nitrogen-fixation. I hider natural con- 
ditions in the soil this accumulation and concentration of nitrogenous 
material hy the Azotohackr is not likely to occur; henet*, th(‘y assume 
that the organism will continue fixing nitrogen at the liigh ratio 
noted in the early part of laboratory experiments. 

. The quantity of nitrogen fixeil, however, is de{)endent upon factors 
other than the source of energy; e. g,, Krzemieniewski found with 
A.chrodcoccum that the addition of humates to the cultural solutions 
increased the nitrogen fixed from a maximum of 2.4 mgm. to 14.9 
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Moreover, Kniinsk\' foniid .Izofoharfr.r to utilize from 100 
to 200 ^m. of su^ai* in the assimilation of I j^m. nitrogen wlien 
j^rowu in solution, hut when j^rowfi on sand it recjuired only II to 
.30 ^rri. for the same fixation. 

They utilize their tmer^y more eeonomieally in tin' pr(‘s(‘iie(‘ of a 
liberal su])i)l\' of phos|)horus than when the (piantity of available 
phos])horus is limited. This aeeounts, in a, measun*, for the hi<^h 
fixation noted in most rtah soils. 

Manure. “ It has been known for a lonj^ time that humus exerts 
a hiji^hly favorable elVeet on nitro‘>:en-fixation. The ji^reat question, 
however, has been as to the manner of action. Humus, l)eing sueh 
a eomplex, variable substance, varies ^^reatly in action, d(‘pendinf>: 
upon its source. Ilemy considered that .some of tlie products from 
humus are favorabk* sourc(\s of orpinic matter for Azotohactcr. 
Definite and valuable information is furnished by the work of 
Lohnis and (Ireen. They worked with mixed cultures of A. chrco- 
coccutn, .1. hf'ijrridrliil, .1. plnc/atidil, and A. vltriain in Heijca'inck’s 
mannite solution with various forms of or^jjariic matter. 

Nitrof'cn fixed in 
100 cc. of solution 

Material. after 3 weeks. 

niKin. 

J-'rosli straw 10.0 

Fre.sh stal)l(' niauuro 9.8 

Frosh j)eat 9.3 


Boijcri rick's niarinito 


After humification, these substances were even more readily 
assimilated and the nitroj^en-fixation was greater than when the 
unhumified substance was used. 

The same year Ilanzawa ])ublished results which show that stalile 
manure even u]> to 3 iier cent, greatly stimulated bacterial activities, 
(ireen manure humus was found by him to be injurious. From this 
it is (‘ertain that humus can act as a source of energy and usually 
stimulatf's bacteria, but the extent is governed largel,>^ by its coin- 
liosition and by the quantity of available combined nitrogen which 
is being siqiplied with it to the organism.. Jn addition to this, corn 
roots, cornstalks, oak leaves, luiiine, alfalfa, maple leaves, and pine 
needles may all serve as a usefid source of energy to the nitrogen- 
fixing organisms. Apparently, the tissues from the non-legume 
give a greater gain than do tho.se from the legumes. Fulmer has 
recently confirmed these results. 

The influence of stable manure upon the nitrogen-fixing powers 
of the soil under field conditions is .seen from the following table in 
which the (piantity of nitrogen fixed in the unmanured .soil has bceii 
taken as 100 per cent. 
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Tn^ntiiicnt.. Ni(r<.(jcii fixed. 

I XT cenf. 

No iii;inun‘ 100 

5 tons of nuimirc Iter . . lO.'t 

10 tons of nianuro per acn* | I0 

J.'i tons of manure' pi'r a*T(‘ I Of) 

20 ton.s of mamm' jx'r aeTf . lO.'t 

2") tons of manure' per acre 101 


These results iiidieiite clefirly that stahit' manure has a heiiefieial 
ehet't ui)on tlie nitrojreii-hxin^i: [towers of the soil, hut if used in 
large quantities the benefit is not .so ]>ronouneed as if used in smaller 
quantities. 

This deerease in nitrogen-rixtitioii with, increased additions ot 
manure must he considered as due to its physical effect ujton the 
soil, for Richards found that Azotohadrr grow and fix nitrogt'ii in 
liorse manure when it is well aerated and contains sufheitmt moisture 
and calcium carhonate. There is, too, a elo.se connection between 
the diet and the effect. I Torses fed on oats ga\’e fec(‘s which induced 
the greate.st fixation; hors(*s on grass next; cattle receiving oatmeal 
cake third; hut the feces from cattle led on gra.ss proved unsuitable. 

Manures often contain nitrogen-fixing organisms of considerable 
activity. Their activity a])jH‘ars to b(‘ greatest in fermenting ma- 
nures mixed with straw' wdiieli stTves as a source of energy. 

Although Fulmer and Fred were unable to find Azotolxicter in any 
of the samples of manure examined, they did obtain many nitrogen- 
fixing bacteria from it. One of these organisms, for wliieh they 
suggested the name of B. azophih, is as efficient in fixing nitrogen 
as is Azotobader. This w ould make it appear that manure may often 
carry to the soil nitrogen-fixing organisms. 

Metabolism of Azotobacter. Much time* has becai given to a study 
of the metabolism of Azotobacter, yet our know ledg(‘ of this subject 
is far from satisfactory. It is wtII knowm that the organisms oxidize 
the various carbohydrates and wdth the energy thus obtained build 
up complex nitrogen compounds. Herthelot early recognized that 
the nitrogen so fixed is insoluble in w ater, thus indicating its protein 
nature. Lipman found that there W'as a small but ap])reciable 
quantity of nitrogen in both young and old cultures of A. vmdandil 
not precipitated by lead acetate and a large proportion not preeij)!- 
tated by phosphotung.sti(‘ or by tannic aei(l. Further work indicated 
that the substances w ere either amino-acids or com[)aratively simple 
peptids. lie considered that one of the early substances synthesized 
by these organisms is alanin. An analy.sis of th(‘ Azotobader mem- 
brane gave the following results: 

Nitrogen aB Non-llaaic Nitrogen in MgO Total per cent. 

Ammonia Basic Nitrogen Nitrogen Prccipitiito Nitrogen 

per Cent. per cent. per cent. per cent. per cent. 

0.9li 2.76 0..39 0.42 10.45 
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This he finds corresponds remarkably closely with that of legumin. 
Experiments witli phints indicate that tla^ nitrogen of the Az^to- 
bacter cells is not readily assimilated. 

Stoklasa found the AzotohacUr cells to contain 10.2 ])(‘r cent, ol 
total nitrogen and S.(> per cent, of ash. Odie ash contained from .58 
to (»2.3.5 i)cr (‘('lit. of i)h()S}>hori(‘ acid. Nifrogt'ii arid ]>hos|>horns 
were mainly in the form of nucleo-proteins and lecithin. The ]>er- 
centage of both nitrogen and phosphorus in tin' cell increase Avith 
ag('; 

d'hemost complete analyses of the Azotobaefer cells, so far rejiortcd, 
show them to contain when grown on dextrin agar and rapidly 
dried at 30° O.tio jK'r c(‘nt. of water, 4.12 ]ier cent, of ash, and 
12.92 ])er (*ent. of ])rot('in. 44ie protein is similar to other plant 
proteins. It contains 10 ])er cent, of ammonia nitrogen, 2().o per 
cent of diamino-nitrogen, and 00 per cent, of monoamino- nitrogen. 
The fpiantity of lysin present is very high, but the histidin is present 
only in traces. 

Krzemieniewski states that Azotobdcter produces no hvdrogen or 
other combustible gases in its metabolism, Init acc'ording to Stoklasa 
it does, and in the j>res(‘nc(‘ of nitrates it ])roduces ammonia and 
nitrites. Moler claims that during its life, A. chrabrtx-cinri separates 
no soluble compounds, and it is only after death that it furnishes 
nitrogen to higher jilants. Nor are their bodies readily broken 
down by jirob'olytii; enzymes. Both A, affilis and A. vindandll 
separate a soluble compound. The protein compounds so formed 
in soil arc (piickly broken down l)y other bactt'ria. Jb'rny considers 
the nitrogen fixed by Azotobacter in a readily available form for 
plant assimilation. Beijerinck found that .')() per cent, of the total 
nitrogen in Azotobacter cells when supplied to the soil is nitrified in 
about seven weeks. None of the Azotobacter so far studied prodiKa? 
nitrates in the media. 

Turning now to the breaking down of the carbohydrates, we find 
that the organisms produce ethyl alcohol, glycocoll, acetic acid, 
butyric acid, lactic acid, carbon dioxid and hydrogen. The quantity 
and quality of the difi'erent products vary with the species and with 
the carbohydrate used. 

It is likely that many of the end-produ(;ts have not been deter- 
mined, for Stoklasa starting with 15.9 gm. of dextrose recovered 
7.9 as carbon dioxid, 0.3 as ethyl alcohol, 0.2 as formic acid, 0.7 as 
acetic acid, 0.2 as lactic acid, but could not trace the remaining 0.0 
gm. The organisms are extremely active when growing under 
appropriate conditions, for 1 gm. weight of Azotobacter has evolved 
no less than 1.3 gm. of (;arbon dioxid in twenty-four hours. A great 
distinction between the Azotobacter and the other species is that the 
former decompose their sugar with carbon dioxid as the chief 
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product, wliercas the other species produce large (piaiititi(\s of hutyric 
acid. Some of these products may he accounted for as follows : 
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It is known that when sugars, su(*h as glucose', I('\ nlosc njid man- 
nose arc acted u])on by alkalies, there are ])roduce(l a great many 
products, some of which are formic, carbonic, oxalic, hu tic, ])yruvic 
tartronic, malic, nialonic, tartaric, ribonic, sae'charic, and gluconic 
acids in addition to many other either mon* or h'ss com})lcx com- 
pounds. We can readily conce'ive that the . Izufohack’r brings about 
a somewhat similar reaction, the stages, howeve'r, be'ing more nicely 
goveriK'd, })ecause of enzymes. IVIany of the })roducts would be 
oxidized to carbon dioxid and water Avith the libcratio]i of energy 
necessary for the endothermic nitrogt'ii read ion; others readily 
react with the resulting nitrogen compounds. W(' ar(' com])letely in 
the dark as to what this first nitrogen comj)ou nd is, hut we know that 
the Azotohacter possess the power of changifig nitrates or nitrites 
under ap]>ropriate conditions into ammonia. 1 }> to (kite it has been 
impossible to detect nitrate formatioJi; it is not impossible that 
nitrates are formed and utilize<l by intracellular ('nzyincs. By using 
nitrates, nitrites or ammonia, we can offer a rough ('xplaiuition of 
protein anabolism. 

The endothermic reaction, 

2 N-t- 2 n 20 - NIl 4 N( ),, 

may take ])lace and the ammonia thus formed may ivact with the 
decom]>osition i)roducts of^the sugars, pyrinic acid lor instance, 
with the formation of alanin which Lijunan considered as one of 
the first j)roducts: 

CHs— CO— COOH f NHa = CHj— CUN— ( 'OOH + Hi^O 

CHa— (’HN— coon + Ho == CHs— CHNH— coon 

or with glyoxylic acid forming glycocoll: 

H(^0— COOH + NH3 - HCNII— coon t II.O 

('HNH— COOH + Hi - CHsNin ('OOH 

By similar reactions other amtno-ac*ids may be formed. M(jre- 
pver, Windas and Knoop have shown that methylirnadazol may be 
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produced from ji:lucos(? aud aiuinoiiia, ])resuina})ly throu^di the 
foniiation of pyruvic aldehyd aud forinaldehyd : 


CHa IIN— r (JT;, 

i IN 

CO y 2NII,. h IK 'HO - H( ' 

I I il 

CIK) N--(’ -ir 

which is nearly related to the amino-acid, histidin: 


3 ICO 


H— N -C— CII 3 H -N— C- CH,- ('ilNip.COOH 

I M ! II 

II— (’ I H Cll2NH,('001[ -C li H II 2 

I I! II !l 

N— C -II N _(’_H 


The various amino-acids may, throuj>:h the intervention of pro- 
teinases, condense with the formation of dipeptids, thus: 

( H.) -('HNH:;C()OII + Cir.iCIINJr,C()()lI = 

(liyiiNiccoNiiciif'iiaCooii 4- ii^o 

By the continuation of this ])roc<‘ss and by condensiii^^ with phos- 
pliorus and snli)hur-l)('arinfjj compounds, ])rol)a})ly throu^^h the 
intervention of other enzymes, there may result the complex ]>rotein 
of the Azotoharfcr cell. 

Pigment Production by Azotobacter.— JMost sjjecies of Azoiohdcter 
produce ])i^uients. d'hcse vary in color from brown to black of the 
A. vhn.occccinn to a yelhjw or orauf^e of the A. vinrldin/ii. The 
pigmented film usually develojis on the culture media in from three 
to seven days. It is formed by A. chrciicoccwn. (*arlier and in more 
abundance where old brownish cultures are us(‘d as the inoculating 
material, d'he pigment is product'd and retained within the bacterial 
cell; it occ urs in neithca* the capsule nor the medium. The j)igment 
produced by A. chradcoccmi is most pronounced when a dextrin 
agar medium to whicli calcium carbonate is added is kej^t at a tem- 
p€Tature of (’. under well a(M*ated conditions. According to 
Jones, it is ])roduccd only when there is a lack of suitable available 
nutrient material and when organisms in the pigmented area have 
ceased to multi])ly. The color of the pigment is intensified if 
nitrates are add(*fl to the medium in which the organism is growing. 
The non-pigmented strains a])parently fix nitrogen just as readily 
as do those which have not lost the power of forming pigments. 

The pigment from Azotobacter chnMcoccurn is insoluble in water, 
iilcohol, ether, chloroform, benzol, and earbon bisulphid. It dis- 
solves in alkalies, undergoing decomposition with the formation of 
a dark brown solution. Sackett maintains that the peculiar brown- 
ish color which is characteristic of certain “ nitre spots” of some soils 
is due to the pigment produced by Azotobacter. vSuch soils are high 
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in nitrates and alkalies which would dissolve the pi«,nn(‘nts from the 
body of the organism. Jlut Omelianski and Ssw(‘wrowa are of the 
opinion that althought in sonn* eases the dark color of vegetable 
soil may he due in a measun* to the action of these micro(')rganisms, 
it would be a mistake to attribute it to this factor alone. Further- 
more, it has recently been ])roved that the brown color of the 
“nitre spots” is du(‘ to sohent and decomposing action of the 
nitrates on th(‘ colored organic comjxumds of the soil, for they may 
b(‘ produced at will in a rich greenhouse soil with an (‘\cess of sodium 
nitrate, and this too in soils whi(*h hav(‘ l)een rendered sterile with a 
saturated solution of mercuric chlorid. 

Morphology of the Nitrogen-fixing Organisms.— Of the many 
different bacteria which have })een isolate<l and ]n'ovi‘d to have the 
ability to assimilate free nitrogen, Glo.sfn'dium pastctiridntnn may be 
taken as a typ(‘ of the anaerobic and Azolohactcr chrodcoccuni as a- 
tyj)e of the ath’obic. 

(do.stndluiii. pa.'ileurimnuii is a short thick rod from 1.2 to l.ff g 
in diamet(*r and 1.5 to 2a long in the young cells; the older s]K)re- 
bearing cells take on a s]>in<lle shape, d’he bacteria stain a \ iolet 
brown with iodin. The sj)ores when rija* an* I.Oa long and l.ffa 
broad and often lie in a roughly triangular covering. The ripe 
spore es(apes through the wall of the mother in a longitudinal 
direction. Their germination is ]>olar. 

Azotobdcter (diraocorcinn occurs ordinarily as dij)lococci or short 
rounded rods 1 to 2a thick and 1.5 to Afx long, and according to 
Frazmowski the microorganism first })resents itself in its vegetative 
stage as a bacterium, in the fruiting stage* as a micrococcus, ami 
l)ossesses a nucleus which functions in the same way as that of higher 
animals. In the resting stage* the nucle‘us assumes a globular form, 
having a strongly refrae*tive* nue*Ie*blus with cle'arly dille*rentiateel 
boundary layers. The ineiivieluality of the* micl(*us a])]K*ars to be 
prae*tic*ally le)st at time's, be'e*ause e)i‘ its relation to the cyt()plasm. 
The elivisie)!! eef the* nuedeus marks the first stage oi ce'll elivision. 
Ace*oreling te) Jh)nazzi the eergani.sm shows ja'cnliar granulations 
a})parently not relateel to re'preeelue'tieni. ff'hese take the basic dye*s 
and are neither fats, glyce)gen, stare-h nor chromatin, but ap])ear to 
be of metaehromatic nature anel vse'e'in te) have their ge*nesis in the 
nucleus. Their elisi)e)sition in tlie e*e'lls is not constant but changes 
in eliff’erent inelivieluals. Inve)lutie)n fe)rms occur anel e-ell elivision 
is precedeel by a simple form e)f miteesis. Some, but not all, varieties 
have been observe'd te) form .spore's. The* ve)hitin bodies within the 
e)rg{inism increase in number ami size when the' organisms are greewn 
on media rich in nitrates. Jlills sugge'sts that the'y niay have .some 
relation to nitre)gen-fixatie)n, but his results ap])e*ar to o])[)e)se this 
view; whereas the addition e)f nitrates te) a medium greatly increa.st'el 
the reproduction, it very materially elecreased the* physie)logieai 
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efficiency of the organism. It seems, therefore, more likely tiuit 
they are reserve protein material. 

Lohnis and Smith have recently observed that Azotobacter, in 
common with many other bacteria, pass through a life cycle which 
is not less complicated than those of other microorganisms. Under 
certain conditions they pass over into an amorphous or “ sym]>lastic” 
stage, ai>}X‘aring under the microsco|>e either as an unstainable or ;i 
readily stainal)le mass without any easily distinguishable organiza- 
tion, which, if not discarded as dead, later gives rise to new regenera- 
tive forms. They multi})l(' not only by fission, but l)y the formation 
of gonidia. 

Methods.^ (A/j.sir 1(1 ium paste Nrurmwi grows readily in a vacuum on 
carrots. The organism also grows on sliced ])otatoes, l)ut ordinarily 
is grown in an axpieous solution containing 1 gm. KaPCh, Of) gin. 
MgSOj, 0.1 to 0.02 gm. Na(’l, FeS 04 , and MnS() 4 , and 1.0 gm. 
('aUCb, and 10 to 1.") gms. of a suitable carbohydrate in 1 liter of 
water. Om* method used I >y Winogradsky in isolating B. Clustruliiiiii 
pastiairlaninri was to add ganhm soil to a noii-nitrogenous solution 
and to alhnv a stream of nitrogen gas to ])ass through tht‘ solutions, 
after which stweral successive transfers wert' made into similar 
media. The final culture, aft(‘r li. ClastruliiDu jxistcurlamiiii liad 
formed sj>()res, was heated to StP U. 

The organism ferments certain carbohydrates with tlie formation 
of liutyric acid, acetic acid, carbon dioxid, and water. When grown 
in nutritive solution devoid of combined nitrogen, it assimilates 
atmosi)heric nitrogen. Although in imre cultures it is an anaerobe, 
in im])nre cultures it may fix nitrogen under aerobic conditions. In 
nature it occurs in connection with tvva) other bacteria which do not 
I)ossess the power of fixing nitrogen, and their nitrogen rcquiremetits 
are small. When in conjunction with these organisms, Clnstntliuin 
piisteiirumimi has the ability of growing in the up])er layers or soil 
and of assimilating free nitrogen. 

Azotobacter chrodcoccum grows readily on solid or liquid media, 
one of the best being: 

Per Cent. 

Monopotassium phosphate (neutralized to phenolphtiialoin by 


Sodium hydroxid 0.02 

Magnesium sulphate 0.02 

Sodium chlorid 0.02 

Calcium sulplnite 0.01 


Ferric chlorid (1 per cent, solution), 2 drops per 100 c.c|mannito 1.00 

The organism is readily isolated by seeding this medium with 
soil. After the ehara(;teristic membrane forms, it is transferred by 
dilution to a similar medium containing agar in which the charac- 
teristitj brownish black colonies form readily. 

On mannite agar the colonies first appear as milk-white glistening 
drops, round and convex, which under a low magnification show 
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a coarsely granular structure exteiuliiig to the margin. The colonies 
rapidly increase in size, and after a \\'eek or more become brown at 
the center with concentric rings alternating dark and white to the 
circumference and darker streaks radiating from th(‘ center outward. 
In old cultures, where the agar has partly dri(*d up, the cells are often 
united in sarcina-like packets; the cell walls are much swollen and 
the contents are aggregated to a small ball at the center. At the 
same time giant cells, both round and elongated and filled with oil 
drops, can be seen. Often a number of iiu'olution forms are seen, 
drawn out with long thmids and false septa. By successive 
dilutions and transfers, it may be obtained in pure culture, although 
at times considerable difficulty is cx])erienced in freeing it from a 
small organism -Z?. radiohacter. 

Several difTcreiit methods have been used for studying its nitro- 
gen-fi xi ng powers : 

(ft) Seeding into ]()() c.c- of the medium given above and after a 
certain time determining the nitrogen. 

(h) The use of the .same medium, but the addition of sufficient 
sand for the formation of .sand slopes on which the organism can 
grow. 

(c) The addition of a definite (luantity of a. carbohydrate to a 
soil and the incubation of this. 

Bacli of these methods has its value. 3’h(‘ first is much more 
readily handled in the final Kjekhdil determination, but the others 
give much higher results. 

Frcudenreich Imind that when Az'iiohacfcr are gro\m u])oii gy])- 
.siim, the gain in nitrogen is con.siderably in excess of that assimilated 
in the liquid media. Krainsky found Azotobacter to utilize from 100 
to^i^OO gm. of sugar in the as.similation of 1 grn. of nitrogen when 
grown in solution, but when grown on sand it r(M|uired only 11 to 
30 pn. for the same fixation. Many other workers have noted 
similar variation when grown in the .soil. Where the* organisms 
have been grown on gy})sum or soil, we may attribute the stimula- 
tion to certain soluble constituents, yet this exjilanation scarcely 
.seems plausible when considered in relation to .sand cultures. Three 
strains of Azotobacier were growm in Ashby’s manniti; .solution 
and sand (nearly pure .silicon dioxid) to which Ashby’s .solution was 
added, with the following results: 

Nitrogen fixed in Nitrogen fixwl 
Aahby’s solution, in sand, 


nigni. rngin. 

Azotobackr A. 6.86 22.61 

Azotohacter Ji 6.00 12.60 

Azotobacier C 6.44 16.80 


Moreover, arsenic is very toxic in the solution, whereas when 
added to the soil or to pure quartz, in small (juantities, it stimulates. 
Although the total quantities of nitrogen fixed under the two 
18 
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methods diti’er greatly, the relative eflicieuey of the organisms is 
about the same in both cases. In testing soils similar results are 
obtained, as may be seen from the following results, which are the 
average for several hundred determinations made on different soils 
l>y th(‘ two methods. 

Nitro>ir>n Rxod in; 

i0() e.c. of Ashby’s 
100 gin. of soil fiontuining 1.5 gtii. 

Depth of Samplt*. 1.5 gm. of nmnnile, of inannile 

mgin. ' rngin. 

l''irst foot 5.28 2.11 

Second foot .2.42 0.77 

'I'hird foot 1.55 0.58 

Although the greater aeration in the santl and soil culture probably 
l)la\’ a great part, there is little doubt that the colloids also assist. 

Relation of Azotobacter to other Organisms. -Jn the early study of 
nitrogen-fixation, the view was held that algie growing on or near 
the surface of soil are able to fix nitrogen. Frank in 1SS8 had 
observed such a growth on sand exposed to light and found that the 
soil showed a considerable increase in nitrogen. In 1892 Schldsing 
and Laurent proved, both by determining the nitrogen fixed by a 
soil in a closed vessel and by observing the diminution of the nitrogen 
gas in the enclosed air, that a soil (exposed to light gains in nitrogen 
if alga^ are allowed to grow on the surface, and that the gain is 
confined to the upper few millimeters. They did not, however, 
employ a pure soil or pure cultures of alga\ Kossowitscli, working 
with i>ure cultures of two green algfc, found no fixation, but observed 
a considerable increase of soil nitrogen when they were grown with 
soil bacteria. Later, Kruger and Schneidewind, employing pure 
cultures of many other chlorophycefe, obtained no nitrogen-fixation, 
TIellriegcl and Deherain had found a large increase in the nitrcfgen 
content of sand in pots when exposed to the light, which was always 
accompanied liy a development of alga*. 1 n the light of such results, 
the conclusion has been reached that algie alone cannot assimilate 
free nitrogen, Init only in concurrence with soil bat’teria, the former 
producing carbohydrates which are used by the latter as a source 
of energy for the nitrogen-fixation. Heinze actually observed rapid 
fixation of nitrogen when cultures of algre were inoculated with Azoto- 
bewter or other nitrogen-fixing organisms. StokJasa found that Azoto- 
bacUr are especially abundant in soils having a vigorous growth of 
blue-green alg^c. Azotobacter are often absent from virgin soils, 
but are always found in such soils when there is a vigorous growth 
of alga'. Bottomley claims that both Azotobacter and Pseudomonas 
live in true symbiosis with eycas. It, therefore, appears certain 
that the nitrogen-fixing powers of Azotobacter are greatly enhanced 
when growing with algae, but the exact role played by each is yet to 
be explained. This offers a rich and inviting field for research. 

Nor is it alone in combination with algae that these organisms 
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may grow and thus be benefited. Heijerinek and van Delden early 
recognized that an apparent symbiosis exists betweiMi Azotofxicter 
and otlier bacteria, and that the nitrogen fixed is considerably 
greater in the mixed than in the pure enltiires. This symbiosis, 
though in many cases beneficial to Azotohader, is not essential for 
nitrogen-fixation. Iladiobaeter, with which the Azotohader are 
usually associated, have only slight nitrogen-fixing i)owers, yet they 
increase the nitrogen-fixing pow(‘rs of Azotobadin'. The carbo- 
hydrates disap])ear more rapidly from mixed than from ])ure cultures 
and with a greater fixation |>er gram of carbohydrate utilized. 
There is also a greater fixation Avinai two strains of Azotobadrr are 
grown ill conjunction with each other. This is especially marked in 
an aipieous solution of mannite. Results have been ix^jiorted where 
Azutobader fixed twice as much in the presence of Psrudonionns as 
when grown alone. 

The manner in which this mutual benefit is (‘xta ted is not clear. 
In some cases it may be due to the as.sociated orgauism rendering 
more available the cartionaceous material. 

Omelianski and Salunskov otter the following c\])lanatioM con- 
cerning the association of aerobic and anaerobic nitrogcii-fixi'rs: 

“The synergetic activity of nitrogiai-fixing and acf'omjianying 
microbes, is lioth in laboratory ex]><‘riments and under natural 
conditions (cultivable stratum of the soil) of a ditterent character 
according to the properties of the species taking ]>art in the jiroccss 
and their environment; in both cases th(‘ function of the satellite 
organism seems to consist in fixing the oxygen of the air ;uid cnaiting 
the anaerobic environment for Clodruliuni paste arianwn. The 
species added to the cultures of nitrogen-fixing microbes soiiietimes 
sup])ly the compounds of carbon needed for the jirocess ()f fixing 
nitrogen as energetic substance- In the ca.se of the coml)ination: 
Azotobader and Clostridiim jxisteuriannm, the function ol tlu' former 
is not confined to fixing the oxygen of the air only, ami consequently 
to creating an anaerobic environment lor the (Jlostndiufii. Jlut this 
combination is also useful inasmuch as it destroys the injurious 
products of disassimilation created by the second (chiefly butyric 
acid) and maintains the action of tln^ (‘iivironmeiit. (Azotobacter 
is alkaligenic and the Clostridium acidogenic.) 

“The satellite .species may also unfavorably attect the nitrogen- 
fixing microbe, either through products of assimilation or by con- 
sumption of the carbon compounds needed by this microbe for 
nitrogen-fixing. The energetic fixation of oxygen by the satellite 
aerobic species creates conditions favorable to the development of 
Clostridium pasteurianum, but at the same time hinders the growth 
of the Azotobader, which is necessarily aerobic. 

“ The form endowed with the maximum vitality and at the same 
time the most common form in which combination of the nitrogen- 
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fixing organisms takes place in the iip])er soil strata is that of sym- 
biosis between the alh’obie and anaerobic nitrogen fixers, princii)ally 
l)etween Azotobacter and Clostridium pasteuriammi. Jn si)ite of the 
opposite properties of the two species, their synergetic activity in 
the upper strata of the soil results in a harmonious mutual devclo]>- 
ment producing the maximum economy in consumption of energetic 
substances/’ 

So far, little has been done to determine the relationshi]) of 
Azotobacter to the higher plants, but it is interesting to note that 
Beijerinck has observed a distinct relationship between the distribu- 
tion of the organism and leguminous plants. Fischer suggests that 
some nitrogen-fixing bacteria presumably exist first jis saprophytes, 
then as exo]>arasitcs in loose combination with green plants, then as 
endoparasites. Finally they develop the true s,>'mbiosis or root 
nodule bacilli. FIoi)kins has questioned whether there may not be a 
relationshij) bedwx'en the legume bacteria and Azotobacter. 

The Influence of 'Water.— Azotobacter are very resistant to drying: 
they may b(^ dried for a considerable time in a desiccator over sul- 
phuric acid. Pure cultures are just as resistant to drying as are mixed 
cultures. This w'oiild vary some with the media in which the 
bacteria are dried, for the survival of non-sp()rcl)earing bacteria in 
air-dry soil is dut‘, in ])art, to the retention by the soil of moisture 
in the hygroscopic form. This, however, is not the only factor, for 
the longevity of bacteria in a solid is not directly proportional to its 
grain size and hygroscopic moisture, (iiltner and Langworth found 
that bacteria resisted desi(K^ation longer in a rich clay loam than in 
sand. Furthermore, if bacteria are suspended in the extract from 
a rich clay loam l)efore being subjected to desiccation in sand, they 
live longer than if subjected to dessiccation after suspension in a 
physiological salt solution. Because of this, they consider that soils 
contain substances which have a protective influence upon bacteria, 
subject to desiccation. 

Li})man and Burgess have found that many soils manifest a vigor- 
ous nitrogen-lixing power even after being air-dried and kept in 
stoppered museum bottles for. periods varying from five to t\Venty 
years. In some cases the fixation was equally as high as in freshly- 
collected samples, ddie organisms from such soils are more easily 
attenuated than are other organisms which have not been so dried. 
The tendency is for soils gradually to decline in nitrogen-fixing 
powder or drying. This may manifest itself as early as the second 
week. 

During the periods of drying, the organisms are inactive, as they 
require moisture for growth and reproduction. For maximum 
nitrogen-fixation a definite moisture content is needed. Warmbold 
found the optimum moisture content to be 20 per cent. When it was 
below 10 per cent, there was no nitrogen fixed, and in some cases 
there was a decided loss of nitrogen. Krainsky allowed soil with 
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varying moisture content to stand for some time and then inoculated 
it into mannite solutions and obtained maximum fixation in the soils 
containing fairly small quantities of water. Later, however, Ik; 
decided that soil should be damp— but not wet—and well aerated 
for maximum nitrogen-fixation. The water re<jiiircments vary with 
difierent soils. As a general rule, the higher tin; humus content of 
the soil, the more water will be recjiiired for optimum nitrogen- 
fixation. The quantity of water present may, however, become so 
great that it may kill all Azotohacter in addition to stopj^ing nitrogen- 
fixation. 

An insufficient supply of moisture checks both nitrification and 
nitrogen-fixation. This occurs in some soils when the water content 
has been reduced to Ifi.o per cent, ddiis again varies with the soil, 
for Schlosing found bacterial activity less in fine-grained soils than 
in lighter, coarse-grained soils. A dilfercn(;e in moisture content 
of 1 per cent, acx'ording to Dafert and Jlollinger, is sullicicnt to pro- 
duce a marked change in the oxidation going on in the soil. 

The moisture requirement of the nitrogen-fixing bacteria, accord- 
ing to Lipman and Sharp, is more nearly that of tlu' ammonifying 
than of nitrifying orgiinisms. In a sandy loam it was foimd to vary 
between 20 and 24 per cent, the anaerobic nitrogen-fixers are most 
active, but the action of the aerobes is slightly de])rcssed. Thus, 
in many soils two maxima of nitrogen-fixation occur, <lc])ending u})on 
whether the conditions are favorable for the anaerobic or atu-obic 
organisms. 

Traaen’s results differ from Lipman’s in showijig only the one 
maximum, as is seen from the following, whicL gives the milligrams 
of nitrogen fixed in 100 gm. of soil. 



5 per cent. 

10 per cent. 17..'j 

1 ficr rent. 

25 per cent. 

30 per C( 

Temperature. 

H,0. 

11,0. 

H,0. 

H,0. 

11,0. 

13° C. . . 

. . . 0.1 

1.5 

11.2 

13.4 

5.4 

25° C. . . 

. . . 1.9 

1.9 

13.2 

Hi. 6 

15.5 


He used a loam soil with a maximum water capacity of 27.4 per 
cent. It is quite evident from his statement that anaerobic organ- 
isms played a prominent part in the fixation at the higher moisture 
contents. 

Since the carbohydrates disapjxjared much more rapidly in the 
soils containing the greater quantities of water, it is quite possible 
that greater quantities of nitrogen per gram of carbohydrate con- 
sumed are fixed where the smaller quantities of water are applied. 
This, together Vith the different methods used by the several 
investigators, would explain the apparent discrepancy in their 
results. 

In a series of pot experiments in which a calcareous loam receiving 
various amounts of water was used, the author found the moisture 
content for maximum nitrogen-fixation to lie between 15 and 22 per 
cent. These results also bring out the two maxima which were first 
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noted by Lipnian. These soils were kept at the various moisture 
contents for four months. All were then incubated at 28° C. for 
twent^'-one days with a moisture content of 20 per cent. 


Treatment. 

Nitrogen fixed. 

Per cent. 

Per cent. 

12.5 

100 

15.0 

108 

17.5 

102 

20.5 

104 

22.5 

108 


In this soil the optimum for the aerobes would appear to be at 
17.5 per cent, and that for the anaerobes 22.5 per cent, or higher. 



Fig. 34. — Average percentages of ammonia and nitric nitrogen 4' + T"b 

formed and nitrogen fixed in soil receiving varying quantities of water. On 

the ordinate is given the per cent, increase of the respective substances and on the 
abscissa the quantity of water applied as per cent, of water-holding capacity. 
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When too large a quantity of water is api)lie<l there is a ten<ieney 
to (le])ress the total nitrogen fixed, as is illustrated by th(‘ following 
results in wliich various quantities of water wen' a])]>lied to a soil 
throughout the year under field conditions: 


Incliea of 
water applied 
during summer. 

37.5 . 

25.0 . 

15.0 . 
None . 


Nitrog(;n fixed 
in 1(K) grams 
soil, 
ingm. 

1.4 

. 2.1 
. S . 5 
:i.5 


The raaxiininn for anaerobic conditions does not a])])enr in these 
results probalily because the soil did not become filled with water 
and because under field conditions the water rapidly drains away 
or is evaporated. There would seem to be a correlation betwt'en 
the water content of a .soil as measured in terms of its water-holding 
capacity irrespective of ])hysical composition and its nitrogen-fixing 
powers. This is brought out in Fig. H4 in which water refjnireiiH'nts 
for ammonific.ation, nitrification, and nitrogen-fixation are compared. 

Temperature. Ikrthelot early recognized that the liiological gain 
of nitrogen in soils is dependent upon a suitable ti'injicriiture. 
He found nitrogen-fixation to occur best at summer temperatures 
between 50° and 104 F°. The process was imuK'diati'ly .st()]>i)ed on 
heating to 2d0° F. Later Thiele maintained that although .hoto- 
hader possess the ability to fix small quantities of nitrogen under 
laboratory conditions, the temperature would be unfavorable under 
field conditions. Heinze, however, found that although the nitro- 
gen-assimilating orgjinisms are most active at a tem])erature betw('cn 
20° C. and dO*^ C., they nevertheless fix ap]>reciable (juantities at 
temperatures as low as S to 10° ( \ Still more recent work has shown 
the optimum temperature to be 28° ('. and the limits of ,'ietivity of 
Azotohacter chroococciwi to lie between 9° and '55° ( The actual 
quantitative \ariation in Jiitrogen fixed is seen frofu the results 
reported by Lbhnis. He inoculated 100 c.c. of a 1 per cent, nunuiite 
soil extract with 10 gm. of soil and obtained the following fixjition 
at the various tempc'ratures: 

Nitrogen. 

.Mgm. 

10° to 12° C •'•15 

20° to 22° r *1.55 

30° to 32° -I - 27 

Better fixation at a lower temperature is noted when the soil is 
incubated and the gain in nitrogen determined directly. Koch 
obtained fixations of 3 mgm., 11 mgin., and 15.5 mgm. of ni^ogen 
in 100 gra. of soil when incubated with a carbohydrate at 7° ( ., 
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15° C., and 24° respectively. Traaen, usiii^ a loam sj)il with a 
maximum wat^r-lioldinjjj capacity of 27.4 per cent., obtained nearly 
as great a fixation at 12° C. as at 25° (b when the optimum moisture 
content was maintained. This is seen from the following: 


Tomperuture. 


NilroKcn fixed in 100 grn. 

of soil. 


5 per cent. 

10 per cent. 

17.5 per cent. 2i 

fj per cent. 

30 per cent. 


H,0. 

Mriii. 

H,0. 

Mgin. 

H 2 O. 

mo 

H,0. 


Mgiii. 

Mgni. 

Mgrn. 

13° C. . . 

. 0.1 

1.5 

11.2 

13.4 

5 . 1 

2r)°C. . . 

. 1.9 

1.9 

13.2 

16.0 

15.5 


A temperature, favorable even though not ideal for nitrogen- 
fixation, would occur in soils under natural conditions. The 
temperatiirc of soil in 1 4ah during the months if September averaged 
14° (b, with a niinimuin of 10° (b and a maximum of 17° .(b During 
June, July and August the mean temj)eratures would l)e much 
higher. 

The mean daily temperatures of the soil for Bismarck, North 
Dakota; Key West, Florida; and New Brunswick, New Jersey; for 
the months of June, July, August and September were 18° Cb, 28° C., 
and 24,5° (b, rcsi>ectively. From this it is evident that during a 
considerable period of each N ear an arable soil has a temperature high 
enough for moderately rajad nitrogen-fixation. 

Although it is generally maintained that there is no nitrogen- 
fixation in soils during the winter months, (*old or even freezing docs 
not injure the organism; for the cooling of a soil, even to the freezing 
point, increases its nitrogen-fixing powers. JJiis is probably due to 
the suppression of competing sj)ecies and to the estalJishrnent of a 
new flora. The same is true Avhen the soil is heated, as may be seen 
from the results given below. , 


Temperature 

Nitrogen fixed, 

dog. C. 

per cent. 

Normal 

5.11 

50 

9.00 

55 

14. 14 

60 

16.38 

65 

14.42 

70 

13.02 

75 

11.34 

80 

12.66 

85 

10.36 


This soil had been autoclaved and then inoculated with a soil 
extract which had been heated to the temperature indicated. The 
stimulation could not, therefore, have been due to the heat rendering 
more of the plant-food in the soil available. The results indicate 
that many of the organisms which take part in nitrogen-fixation 
are highly resistant to heat. It is significant that the greatest stimu- 
lation is exerted in a soil which had been inoculated with solutions 
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heated just above the temix^ratiire which (hinningham and Lohuis 
found’ to be the thermal death-]>oiiit ol soil protozoa. 

Light and other Rays. As a class, bacteria arc* scaisitive to light, 
but the extent to which they can withstand it A iirics, among other 
things, with the conditions of ex}X)siirc and the s])t‘cific organism. 
Unfortunately, we have but fragmentary information concerning the 
effect of light upon azofiers, but what we do know would lead us to 
believe they are more resistant than many microcirganisms — prob- 
ably more so than many other soil l)actcria. B(‘r( helot recognized 
that nitrogen-fixation in the soil occurred both in daylight and in 
darkness, though more freely in the light. Jones found many 
Azotohacter to be alive in a small Tk'tri dish of dried soil that had 
stood in the laboratory in front of a south window for two years. 
They can withstand the direct action of the vioh't and of the longer 
ultraviolet rays for five minutes, but arc killed in nnich less time by 
the shorter ultraviolet rays. They are more r(\sistant e^'('n to these 
than are many other sjxjcies. 

The fixation of elementary nitrogen by A. chrodcoccum is distinctly 
increased when the air is activated l)y ])itchblcndc. Somewhat 
better results are obtained with weak than with stronger radio- 
active intensity. 

Aeration. Tinder field conditions there is ii mixed flora consisting 
of the anaerobic and aerobic nitrogtai-fixing microorganisms. A 
soil condition which would be ideal for oni; species might be unfavor- 
able for the other. It has already been pointxal out that there are 
two maxima of nitrogen-fixation in soils, dcjxmding ui>on the 
moisture content. This is illustrated in Fignirc J2. 

Although it is usually conceded that nitrogen-fixation is most 
rapid when soils are well aerated, this may not always be the case. 
ConJerhing this Murray reports the following results: 


Kind of soil. 


Greenhouse soil 
Loam soil . 
Clay soil 


NitroKcn fixed 


/\(;r«l)i(; 

coiiditiona. 

iiJKin. 

0.81 

3.08 

0.81 


Anaerobic 

condition. 

mgm. 

8.50 

5.29 

4.09 


This condition must be attributed to a great difference in the 
physiological efficiency of the two groups found in tlu'se particular 
soils and not to a lack of aerobic nitrogen-fixing organisms, for more 
than ten times the number of organisms develoi)ed on nitrogen- 
poor media from these soils under aerobic as under anaerobic condi- 
tions. 

Season.— Berthelot was unable to show any gain in nitrogen of 
his soils during the winter, but Koch found a considerable increase 
during this season in soils which were kept in a heap and shovelled 
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over from time to time. Lohiiis observed that Azotohacter mem- 
branes are more readily ol)taiiied in winter than in summer. lie 
later found that the Jiitrogen-fixing power of soil \ aries from month 
to month throughout the year, there being tw(i maxima— one in 
spring and another in autumn. The extent of the variation noted 
may be seen from the following: 


1903-1904: Alarc-h 

" May 

“ J uly 

“ Soptemljcr 

1907: April 

“ May-June 

“ JuIy-Au}^us^, 

“ Octobcr-Novtanlmr 

'I'ho i(;lativ<‘ rmnilKT.s arc bas(*d mm the spriniy: months as 100. 


100 

121 

50 

100 

100 

133 

09 

122 


(ireen found nitrogen-fixation in 1 ])er cent, mannite solution to be 
low during August, September and April. In other months he 
noted a fairly constant fixation of about 10 mgm. of nitrogen per 
gram of mannite. JIc also noted a marked \’early variation in the 
nitrogen fixed during July and August. 

Walton fouml nitrogen-fixation lowest in Indian .soil bt^tween 
October and January and highest betwren rlunc and September. 
dJiis corres})onds with moisture and temperature changes. Peterson 
has found that although the nitrogen-fixation of Utah .soils is highest 
from June to Septianber, the number of types of Azotohacter occur- 
ring in the soil was great(‘st in May. Moll goes so far as to maintain 
from his work that the stxason of the year is the jirincipal factor in 
determining the biochemical tran.sformation in .soils. This would 
appear to be esp(‘ciall\' true as regards nitrogen-fixation. 

Crop. — Ileinze called attention to the fact that the fallowing ojthe 
soil increas(‘d its nitrogen-fixing }>ower. This could be du(‘ to better 
aeration, moisture, temperature, etc., and not to any depressing 
influence exerted directly lyv the plant. Most experiments which 
deal with plant and bacterial activity could be interpreted in this 
light. Ililtner maintained that the free nitrogen-fixing l)acteria 
are stimulated in their activities by the growing plant roots. There 
may be considerable truth in this, for here the higher plants are 
rapidly removing from the solution the soluble nitrogen compounds. 
In this case, the nitrogen-fixing organisms would be forced either to 
compete with the higher plant for the soil nitrogen or else to make 
use of their ability to live upon the atmospheric nitrogen. It is 
certain that different cultural methods vary sufficiently with crops 
to influence profoundly a soil’s nitrogen-assimilating properties, 
for the Azotohacter occur more widely distributed in cultivated than 
in virgin soil. The analyses of hundreds of samples of cultivated 
and virgin soils in Utah have in nearly every case shown the virgin 
soil to have a low nitrogen-fixing power as compared with the culti- 
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vated soil. This was tlie case (weii where the soil was iii( iihated 
without carbohydrates and the iiitrojijen d(‘teriniiied direetly. The 
average results for many determinations were as follows: 

Mkih. of 

. nitrogen Iluid. 


Virgin soil 0.99 

CultivaUMi 14.2S 

Wheat 11 . 8:4 

Alfalfa 12.21 

Fallow 22.81 


Tluf fallow soil had rc'ceived considerable mannn', heiiee th(‘se 
results are undoubtedly high. Tt would, how(“ver, l)e jiossible to 
fallow or ero]) soils so continiuiusly that t‘.\trem(‘Iy small (juantiti(‘s 
of plant residues would be returned to the soil, under which condi- 
tions there might be a decrease in nitrogen-fixation. Tin' conditions 
of moisture and aeration are much more nearly ideal in a fallow soil 
than in a cropped soil. It is just ])ossible that the high fixation 
noted where wheat is grown continuously may la* due to tlu' method 
in vogue in the arid districts of leax ing the greater part of the straw 
on the soil. This would act as readily assimilal)le (*arbonaeeous 
material for the Azotohartrr. Wellx'l and VVinkk'r ha\e found that 
fallowing not only increases tlu* assimilable nitrogen but also the 
available phosphorus of the soil, a. lif)eral su])]>ly of whieli caus(‘s th(‘ 
Azotohactcr to utilize its energy more ('conomieally- d’hat the 
increased nitrogen-fixation noted wIkmi soils an* cultivated is not 
confined to the arid soil, is sc'en from th(‘ r(‘c<‘nt work of Reed 
and Williams. Brown’s work indicjitc's that cro]) rotation increases 
the nitrogen-fixing }>owers of a soil. 

Climate.- It has been maintained for a long time that there is a 
close correlation between the chemical, ])hysical, and biological 
transformations going on in a soil and the elimatic conditions, but 
there was nothing definite on this snl)jeet until the highly interesting 
work of Lijunan and Waynick ai)]>eared. d’hey found a definite 
relationshi]) between climate and the nitrogen-fixing ])owers of a soil. 
Removal of (kdifornia soil to Kansas increased the \igor of the 
Azotohacter flora and especially that of A. chwococcwii. 1 1 incr('as('d 
the nitrogen-fixation by 50 ])er cent, over that attained l)y the same 
soil in (’alifornia. Similar results were obtained in ( alifornia soils 
removed from Maryland. Kansas soil taken to ( alifornia lost its 
power to produce a membrane in mannite solution, the Azotobavter 
flora became rather feeble, and the nitrogen-fixing ])owers of the soil 
were greatly reduced. The removal of the Kansas soil to Maryhuid 
increased the vigor of the Azotohacter and induced a higher fixation 
of nitrogen. The Maryland soil in California diminishes in nitrogen- 
fixing powers, but not in so great a degree as does the Kansas soil. 
This also haj)pened when the Maryland soil was taken to Kansas. 
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The bacterial flora of a soil, therefore, is dependent upon climatic 
conditions which affect many of the other properties of a soil. 

Relationship of Azotobacter to Nitrate Accumulations.— I'lie fact 
that certain spots in western cultivated soils were very rich in 
nitrates was first observed by Hilgard This he attributed to the 
rapid nitrificjition of the organic matter of the soil in the warm arid 
climate of the West when the moisture limit was removed by 
irrigation. 

A number of years later Headden noted these “nitre spots” in a 
number of Colorado soils, but he attributed it to the fixation of 
atmosiflieric nitrogen by the non-symbiotic bacteria which find in 
the western soils ideal conditions for growth and rapid nitrogen 
fixation. This conception has been further amplified by Headden 
and also Sackett. In the early work by Headden it is assumed 
that the Azotobacter not only fix the nitrogen but also produce the 
nitrates. It is known, however, that these organisms do not produce 
nitrates. 

Moreover, there are a number of otlier vital objections to this 
theory. (1) lapman has shown that for the fixation of the quantity 
of nitrogen which Headden maintains to have occurred, it would 
require from 1000 to 2000 tons of carbohydrates. Olierc is no such 
visible supply of energy in these soils. 4Tuc, many of these soils 
have a rich alga' flora, but it has not been proved that this will 
furnish a suflicient supply of available energy. (2) The average 
amount of nitrogen fixed in thirty-two sam])les (collected in the 
nitrate region was 7.4 mgms. and the average nitrogen fixed in 
thirty-one samples of dry-farm alkali-free soil in Utah was 12.2 
rngms. Yet there is no accumulation of nitrates in these latter 
soils. (3) The quantity of soluble salts occurring is often suflicient 
to stop the activity of all nitrogen-fixing organisms, if not to kill 
them. (4) The quantity of nitric nitrogen and of chlorin in any 
given “nitre spot" varies in the same spot from >ear to year or from 
period to period within a year. (5) The country rock adjacent to 
the nitrate accumulations and which has contributed to the soil 
formation contains abundance of nitrates to account for the accumu- 
lations noted. (6) Soils having a similar physical appearance may 
be produced in the laboratory in the absence of bacteria. Because 
of this, we must conclude that the accumulation of nitrates in spots 
in western soils have their origin as do oth^r accumulations of 
soluble salts found in the soil and not in the fixation in place by 
bacterial activity. 

Soil Inoculation.— High hope was entertained that the nitrogen 
problem in agriculture had been solved, when Caron announced that 
he had prepared a culture of bacteria which would enable non- 
leguminous plants to utilize free atmospheric nitrogen, provided 
certain precautions were observed. Many of the results which he 
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reported on pot experiments were clearly in favor of the inoculated 
plant. Stoklasa was one of the first to study in detail the commercial 
preparation “alinit” wliich was placed on the market as a result of 
Caron’s work. Ilis findings were fully as favorahle as Caron’s, 
but the work of others soon demonstrated that “alinit” neither in 
the laboratory nor in the field had the ability to fix nitrogen. When 
Beijerinck discovered the free-living aerobic nitrogen-fixers, the hope 
that .soil inoculation may be so perfected that it would be beneficial 
to crops was revived, and since that time many investigators have 
attempted to inoculate soil in order to increase its crop-producing 
powers, but usually with negative results. Stoklasa has made 
great claims for soil inoculation, lie found that soils, inoculated 
with Azotohacter chrodcoccum and adequately sup])lied with carbo- 
hydrates and lime, showed an increase in the number of nitrogen- 
fixing organisms, and also an increa.sed yield both in (puuitity and 
quality of the crop. Stranak also obtained a ])ronounc('d increase 
in the production of beets, grain, and potatoes on inoculating with 
Azotohacter. 

There may be a decrease in the crop during the first ycjir when 
carbohydrates and Azotohacter are added to the soil with a marked 
in(!rease in croyi during the second and third year, hiven then, the 
soil may be left richer in nitrogen than it was at first. 

The effect of dextrose and sucrose on the productiveness and nitro- 
gen content of the soil is shown below: 




Crops obtained. 


Volal j 
nitrogen 
remained 
in erop, 
gm. 

Total 
nitrogen 
left in 
soil 

spring of 
1!)U6, 
per rent. 

Nitrogen 

as 

nitrates, 
pts. nor 
mil. 

Carbohydrate added per 
100 gins, of soil. 

Oalf 

Dry 

matter. 

! 1 

1, lOO.'i. 

Yield of 

1 nitrogen. 

1 

.Sugar br 

Dry 

matter. 

‘ets, loot;. 

Yield of 
nitrogen. 

None 

100.0 

100.0 

! 100.0 . 

100.0 1 

0.9514 

i 0.093 

10 

2 per cent, dextrose . 

32.8 

62. f) 

i 186.0 : 

190.0 i 

0.6814 

; 0.105 

17 

2. per cent, sucro.se 

33.3 

.58.7 

; 179.0 

19.5.0 

0.6800 

! 0. 1 0.5 

15 

4 per cent, sucrose 

37.7 

78.1 

i 283.0 

.3.39.0 

1.0092 

0.119 

37 


It is often the case that the addition of starch to a soil during the 
first year retards plant growth. This injurious action may be due 
to the augmented bacterial activity in the soil brought al)out by the 
carbohydrates which injure the roots of the jdant by withdrawing 
oxygen and by forming hydrogen sulphid in the deoxygenated 
atmosphere of the soil through the reduction of sulphates by the 
bacteria. 

The effect produced by the carboh} drate ap])lications also varies 
with the season. If applied to the soil in the spring when the soil 
temperature is low and when other bacteria are more active than 
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Azotohacter, tlic results are that they rapidly multiply and compete' 
with the higher })lants for the limited available plant-food. Jf, 
howe\'er, the (*arl>ohyd rates are applied in the autumn dircc^tlv 
after the removal of the eroi>, when the soil is warm, Azotobaeter 
are acti\'e, with the result that sufficient nitrogen is fixed to produce 
an increast'd cro]> the following season. 

If the same (piantity of carbohydrates }>er unit of nitrogen fixed 
be r('(inircd by the organism under natural conditions, as are found 
necessary in laborator\’ experiments, enormous (|uantities would be 
required for the fixation of any considerable (piantity of nitrogen; 
but it is ]>t)ssible that in the .soil they are more economical with their 
energ\' or thc\v may live in symbiosis with other organisms which 
furnish tla'in ])iirt of tlmir carbon. 

Alany workers have noted either no cflect or evc'u a detrimental 
influence when soils are treatc'd witli the carbohydrates and then 
inoculatcMl with Azotobaeter. This may be due in a great measure to 
any or all of the following factors: (a) Absence of a suitable 
environment, as temperature, moisture, aeration, food and alkalinity ; 
(/;) absence of a suitable host from which Azotobaeter may^ obtain 
]:)art of its carbon; (c) injurious effects due to the dec'ompo.sition 
products of the carboh\'drate addc'd. 

Thc're is considerable interest in the' work of Hottomley who 
uses bacterized peat, or humogen. The bacterizing process consists 
of three; stages : (//) Treatment of peat with a culture solution of the 

.special “humating” bacteria and an incubation of it at constant 
temperature for a week or ten days, during which period soluble 
hu mates are formed; {b) destruction (jf the humating bacteria by 
sterilization. with live steam; (c) treatment of this sterilized jieat 
with mixed ('ultures of nitrogen-fixing organi sins - Azotobaeter 
chrodcoccuvi and Bacillus radicwola—nm\ an incubation at 20° (k for 
a few days, after which it is ready for use. 

Theoretical^', there is much in this process which recommends it, 
for there is no abrupt change in environmental conditions for the 
organism added, as \vould be the ease when added from laboratory 
culture. Moreover, they are added in enormous quantities and 
with a source of carbon which is not.far different from that found in 
the soil. Ru.ssell, however, after carefully reviewing all of the 
experimental evidence on the subject, concludes: “There is no 
evidence that humogen possesses any special agricultural value. 
There is not the least indication that it is fifty times as effective as 
farmyard manure, to quote an often relocated statement, and there 
is nothing to show that it is any better than any other organic 
manure with the same nitrogen content.” Furthermore, he con- 
cludes that there is no definite evidence that “ bacterization” really 
adds to the value of peat. 

The conclusion is evident that soil inoculation, in order to be 
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successful, must he accompanied hy tlie rciidcriu^- of tlu' ])li\ sical 
and chemical properties of the soil ideal for tlu' growth of the specific 
organisms to be added. A few organisms ])laced in a ncnv environ- 
ment already containing millions can never ho])e to gain the ascend- 
ency over the organisms naturally occurring in the soil, for they have 
been struggling for countless generations to ada|)t tlumiseh'es to the 
environment and onl\' those which arc' fitted ha\(' snr^a’ved. Tlu* 
problem becomes even more c'omplicated when we recall the findings 
of Li])man that the bacterial flora of a soil is in many cases entirely 
changed by cliimitic conditions. On this account, it would a])i)ear 
that e^'er to make soil inoculation a success the' chemical, ])hysical, 
and e^’en the l)iological condition must be made' suitable for the 
growth of the specific organism added. Furthermore, strains of the 
organism must be used which ha.ve bc'c'ii evolvc'd under similar 
climatic (*ondit ions. 

Soil Gains in Nitrogen, -ft is well established that many forms of 
microscopic organisms possess the ]>ower of fixing nitrogen (‘ither 
when grown alone or in combination with other organisms of the 
soil. Many of these have been obtained in ])ure culture and their 
morphology and jihysiolog.N' carefully studied. The most favoral)le 
conditions for their maximum nitrogen-fixation in ])nr(' cultures in 
liquid solutions have Ix'cn accurately (k'termined. Some of the 
conditions refjuisite for their activity in soils an* known, but on this 
phase of the subject there are many ga])s in our knowk'dge and much 
work must yet be done before we can state definit('ly the jiart which 
they play in the e(.‘onom>- of nature and befort* W(' can sa\' which 
are the very best methods for increasing their usefuhuxss. Ne\'er- 
theless, it is interesting to consider the n'sults obtained by a lew 
workers. 

Berthelot’s early laboratory experiments k'd him to beli('V(' that 
sands and clays may fix in a year from To to 100 pounds of nitrogen 
to the acre. In two (exceptional instances he noted that nitrogen 
was fixed by sands at thee rate of 525 jK)unds and 0<SO ])ounds an acre, 
but soils which contained fairly large quantities of nitrogen never 
made markedly rapid gains. 

Thiele, on the other hand, maiiitaim'd that \\ hih* there is no doubt 
that Azotuhacter i>ossessed the power of fixing free nitrogen, under 
laboratory conditions, yet it is not certain that conditions would be 
such in soils for any gain of nitrogen due to th(' activity of these 
organisms. We have already seen, however, that the Azotohacter 
do not require as high a temjx^rature for nitrogen-fixation in soil as 
he thought necessary. It is also certain that in most arable soil the 
temperature is sufficient during a large i)art of the year for a fairly 
rapid nitrogen-fixation by bacteria. 

Krainsky thinks that even better results should be obtained in 
soils than in pure culture, for there the nitrogen-fixers grow in sym- 
biosis with autotrophic organisms which make organic compounds 



2S8 


AZOFICATION 


available to tlie Azotohacter. In soils the nitrogen fixed is rapidly 
removed by other plants, beeause of which the slowing-up process 
that becomes pereei)tible so early in laboratory experiments should 
not occur. 

In addition to an optimum teinperature and moisture content of 
the soil, the Azotobacter are dependent upon a supply of carbon for 
energy and inorganic nutrients for the building of cell protoplasm. 
Unfortunately, it is too often the case that under natural conditions 
those soils which are (hdicient in nitrogen are also lacking in available 
carbon, and es|X‘cially in phosi>horus, which are so essential for rapid 
nitrogen-fixation, ddien there are the technical difficulties which 
the chemist encounters in determining the gain or loss of nitrogen 
which occurs in .soils under natural conditions and which may be 
attributed to non-symbiotic nitrogen-fixation. 

There are, however, several cases in which the gain has been 
measured with a fair degree of accuracy. 

Lipman, in j>ot (^x])eriments carried on with a soil containing about 
5000 pounds of nitrogen per acre-foot of soil, found a gain of more 
than one-third this amount in two sla)rt .seasons. Much of this 
must be attributed to non-symbiotic nitrogen-fixation. To these 
soils had been apj^lied solid and li(|uid manure, which furnished to 
the organisms readily-available su])p]ies of energy and various 
necessary inorganic constituents. This fixation was not nearly so 
rapid where legumes were turned under as green manures. 

Koch found a gain of from 0.019 to 0.093 j>er cent, in .soil nitrogen 
during two .seasons which must be attributed to non-symbiotic 
nitrogen-fixation. In addition to this there was a threefold gain in 
the nitrogen content of the crops oats, l)uckwheat, and sugar-beets 
- -which must al.so be attributed to the action of Azotobacter. 

Hall noted an annual gain of 100 pounds of nitrogen on Broadbalk 
field at Rothamsted and 25 pounds on Grescroft field. He feels that 
much of this gain must be due to the action of non-symbiotic 
bacteria. Lipman points out that the actual gains of nitrogen are 
even greater, for this docs not take into consideration the various 
losses which are sure to occur even under the best of conditions. 
Hopkins takes the stand that the apparent gain is due in a large 
measure to drifting dust and plant residues coupled with the diffi- 
culty of obtaining representative samples of soil at the two difterent 
periods. Even when all of these factors are considered the evidence 
points to a gain of nitrogen through bacterial activity. 

The analysis of a great number of soils in Utah showed that the 
average nitrogen content of the soil which had grown wheat and 
other non-Ieguminous plants for from twenty to fifty years was 
0.2009 per cent., whereas adjoining virgin soil on the average showed 
only 0.1984 per cent, of total nitrogen. The evidence is very strong 
that considerable nitrogen has been added to these soils by micro- 
scopic organisms, for; 
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(a) In nearly every case the cultivated soil fixed much more 
nitrogen in the laboratory than did the virgin soil. This was the 
case when the soil was incubated with or without the addition of 
carbonaceous material . 

{h) There is a richer nitrogen-fixing bacterial flora in the cultivated 
than in the virgin soil. 

(c) The conditions of moisture, alkalinity and food constituents 
in the soil were ideal for rapid nitrogen-fixation, and the temperature 
of the soil was high enough during a considerable part of tlu^ year 
for the growth of Azotohacter. 

(d) The cultivation of the soil would increase aeration and avail- 
able phosphorus in the soil. 

(e) The large quantity of plant residues would act as a su]>ply of 
carbon Avhich is readily rendered available by the soil’s rich flora of 
cellulose ferments. If thc.se soils had jiroduced a wheat cro}> ('very 
alternate year and all of the nitrogen which had Ix'cn added to the 
soil without loss from leaching or bacterial acti\ity taken by the 
crop, it would have nece.ssitated the addition of 2.*) ])()unds an acre 
yearly, which is evidently the very minimum which can be attributed 
in these soils to non-symbiotic nitrogen-fixation. 

Eighty dill’erent samples of tlie.se soils were incubatiMl- in the 
laboratory for twenty-one days and the gains in nitrogen detc'rmincd 
by comparing with sterile checks, ddie soils were i neubated without 
the addition of anything except sterile distilled water. At the end 
of the i>eriod the average gain per acre for the cultix ated soils was 
202 |X)unds and that for the virgin soil was 92. 

True, fixation would not continue long at this rati*, lor when the 
nitrogen content of the soil passed beyond a certain limit decay 
bacteria would increase rapidly, and in the struggle for existence 
they are able, with the advantage at their disposal, to sup])rcss the 
more slowly growing Azotohacter, which would gain the ascendency 
again only when the nitrogen of the soil became low. 

Thus, there is an upper as well as a lower limit to the nitrogen 
content of the soil as far as bacterial activity is concerned, but by 
making the conditions for nitrogen-fixation as nearly ideal as possible 
we may maintain in a soil the upper and not the lower nitrogen 
content. 

In conclusion, it may be stated that although the part jilaycd by 
Azotohacter in maintaining the nitrogen of the soil has not been 
definitely measured, it is nevertheless an imj)ortant factor. Hall 
found it to be at least ^5 pounds, Lohnis 35.7 pounds, and the author 
25 pounds per acre annually. It is, therefore, conservative to state, 
as has Lipman, that these organisms, under favorable conditions, 
add from 15 to 40 pounds of available nitrogen to each acre of soil 
yearly. 
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CHAPTER XXJV. 

SYMBIOTIC NITROCiEN FIXATION. 

From the earliest day of atjrieultural ])raetiee it has been the 
experieiiee of jirac tical men that legumes under a])propriate condi- 
tions render tlie soil more i)roductive. It Avas the practice of the 
Roman farmers to j)low under lupines in ord(‘r to enrich their soil. 
This practice has persisted through all the succeeding ages by the 
farmers of Furo])e and Asia. But it is only within the memory of 
men now liA'ing that w<' have been able to state the cause of the 
i ncreased f er til i ty . 

Early Theories.— Liebig, by ai)j)l\’ing the exact methods of chemis- 
try to agriculture, Avas able to demonstrate that plants get their 
carbon from the carbon dioxid of the air and not from the carbon 
compounds of the soil. He came to regard tlu? ammonia of the air 
as analogous to the carbon dioxid and taught the doctrine that the 
plants are al)le to derive their nitrogenous food from the atmosphere. 
Tie wrote: “If the soil be suitable, if it contains a sufficient quan- 
tity of alkidics, phosphates, and sul]>hates, nothing will be Avanting. 
d'he plants will derive their ammonia from the atmosphere as they 
do carbonic acifl.” Liebig considered all crops capable of securing 
the nitrogen from the air, but the legumes and other broad-leafed 
plants Avere es]K'cially fitted for this task, as is witnessed by the 
fact that they benefit the su<*ceeding cereal cro]>s and do not respond 
as readily to nitrogenous fertilizers. 

It was soon proAed that the ammonia and other nitrogen com- 
pounds of the air Avhich were brought down by snow and rain were 
very small and would account for only a small fraction of the nitro- 
gen removed by the crops. 

Lawes and Gilbert (1855) reached the conclusion that non- 
leguminous plants require a supply of some nitrogenous compound, 
nitrates and ammonium salts being about equally effective. The 
amount of ammonia obtainable from the atmosphere is insufficient 
for the need of crops. Ix^guminous plants behaA^e abnormally. 

They took the precaution of calcining the soil and removing all 
of the ammonia from the air before it was admitted to the vessel in 
which the plants were grown. Their results and those of Boussin- 
gault agree fully in pointing to the conclusion that free nitrogen of 
the air was not available to the plants. These conclusions were 
accepted as decisiA^e for a number of years, although much evidence 
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pointed in the other direetioFi. I\)t and field experiments carried 
out in England, France, (ierinany, and the riiited States dtiri?ig the 
early eighties furnished unmistakahle evidence that the legumes 
possessed the power of utilizing atinosjdierie nitrogen. Atwater’s 
experiments (ISSd 81) fully deinonstraPal this. In some of his 
trials the nitrogen gained was oO ])er e(‘nt. or inoix* of tlu‘ total 
quantity harvested. However, the mystery was not sohed until 
1SS() when llellrit^gel and Wilfarth announced that the lixjition of 
free nitrogen is a pro}>erty possessed hy the legumes and is due to 
the bacteria associated with them in the root tuherch's. 

Early Observations on Root Tubercles.— d’he prescmce of tul)ercle 
on the roots of leguminous ])Iants had long Ix'fore been noted l)y 
Malpighi. lie regarded them as root galls. Later they were 
regarded as buds of ineomplete ])lants, or as rudimentary laxjts. 
In 18()t) Woronin found in them nuim'rous minute bodies which hore 
some reseml)lanc(* to bacteria. They wer(‘ rod-shaped but often 
slightly forked to “T”- or “^'”-shaped Ixxlies. On account of this 
irregularity in shape the discoverer was unable to say whether they 
were true bacteria or not. Tie, therefore, calk'd them hacteroids, 
and regarded them as the cause' of the tulx’i'cles. In 1871 kTickson 
found that in the early stages of the develo])m('iit of the tuberck' it 
was filled with long, braneliing threads resembling the* mycelium of 
fungi, and to these hyi>ha‘ he attrihuteel the format ion of tlx* tufx'r- 
cles. In later stage's of the growth of tlx* tubercles he found bac- 
teroids, but was unable to determine whetlx'r tlx'y had any conrx'c- 
tion with the hyiilne or not. 

Frank (1879) not only showed that tubercles are almost invariably 
present on the roots of legumes but that their formation may be 
prevented by the sterilization of the soil. He was thus in jiossession 
of facts which might have revealed to him tlx* true nature of the r(X)t 
tubercles. TIowever, he accepted the interpretation of his })uj)il, 
Brunchlxirst, who elaimerl the hacteria-like liodies, were merely 
reserve food materials. 

Marshall Ward not only proved that tubercle formation is due to 
outside infection but that such infection may be brought alxFut by 
placing pieces of old tidx^rcles in eonta^'t with the roots of growing 
leguminous plants. 

Hellriegel found, as the result of a long series of ex]ieriments, that 
when i>ea plants were grown in sterilized .soils as a rule no tubercles 
were formed, but when the plants were watererl with soil infusions 
made by allowing water to act upon soil in which ]X'as had been 
grown, the tubercles appeared in abundance, if the soil infusion 
was sterilized by boiling before it was put upon the plants no tuber- 
cles appeared. These exiteriments were thought to i)rove that the 
tubercles were really caused by living organisms in the soil infusion, 
which were killed by heat. The tubercles could not, therefore, be 
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regarded as normal products of the roots, but were certainly infec- 
tions from the soil. In a series of researches, undertaken with the 
assistance of Wilfarth these results were thoroughly confirmed. 
They showed that in sterilized soil the legume behaves the same as 
the non-legume and dies of nitrogen hunger if not supplied with 
suitable forms of nitrogen. When the sterilized soil was inoculated 
with fresh soil on which legumes had made a normal growth they 
then made a vigorous growth in sterilized soil. Under similar 
conditions non-legumes did not recover. The recovery of the 
starving legume was found to coincide with the formation of root 
tubercles. 

Wigand (1887) found that the tubercles contained true baederia 
and the following year these were obtained in i)iire cultures by 
llcijerinck. He found further that there were bacteria associated 
with all tubercles, and although the bacteria differed somewhat in 
the tubercles of dilferent species of plants, still there were certain 
constant characteristics to be seen in them all. He, therefore, 
regarded the tubercles as the result of the action of bacteria and ga^ e 
to the organism producing the tubercles the name of Bacillus 
radicicola. Beijerinck regarded the so-called bacteroids of Woronin 
as degenerate forms of the bacteria-inv^olution forms, which appeared 
only after the bacteria bad lost their vigor. In a later investigation, 
after isolating the bacteria and keeping them in pure cultures for 
iminy months, he was able to pro<hice the tubercles at will by inocu- 
lating soils in which his plants were grown with the pure cultures of 
the organisms. 

Prazmowski (1890) published researches which confirmed all of 
IlellriegePs results, showing conclusively that if sufficient ]>recau- 
tions were taken to sterilize the soil in which leguminous plants were 
grown no tubercles were ever i)roduced. He further showed that 
the tubercles grow on plants developing both in the light and in the 
dark, but are larger on plants growing in the light; that they only 
api)car on healthy plants; that there are very few on plants growing 
in well-washed sand; that if ])lants growing in sterilized soil be 
watered with brook or river water, tubercles occasionally develop 
but never in abundance; and that the infection of the roots occurs 
early in the germination of the plant and cannot take place in the 
older roots. 

Two years later Schldsing and Laurent demonstrated the fixation 
of atmospheric nitrogen through the joint activities of leguminous 
j)lants and Pseudomonas radicicola by the actual diminution of the 
amount of elementary nitrogen in the inclosed atmosphere sur- 
rounding the plants. 

Species.— Whether the different varieties of legume bacteria are 
distinct species is a perplexing question which today cannot be 
definitely answered. It is known that certain legumes are readily 
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infected by one variety, whereas with another variel> -infection is 
|icc;omplishc(l wit , difriVulty or not at all. JToroo'vor. the sero- 
ogical te,st yiehleil l,y .httereut varietie.s i,. .spei-ifi,.. 'I'hese facts have 
ltd some oKservers to eonsuler the types a.s (piite ilistinet, whereas 
others eonsnler tliean as simply jiliysioloKical varieties of the same 
general si>ecie.s. On the whole, the eoiiseiisiis of opinion at the 
]>resent tiine^seems to he .leeide.lly in favor of this latter view. 

home of IIelhiegel.s exiH-riments iiidieate.l that haeteria from 
cloeei eould not produce tiihereles on lupines and serradella. .Simi- 
lar results were ohtaiued hy Nohhe and his as.soeiates, ^•et the^' were 
hnally led to conclude that the root inx asioii of IcKiime.s is caused h\- 
a single .spceira. lamg-eontinued growth of the organism on a 
legume adapts it to that legume so it no longer invades the roots of 
other legumes lint 1 etermarm (1893) considered it prohahh' that 
every genus ot ,, hint has its spe<-ifie haeteria. liuhlert ..onsid.-red 
tiiat all of the orgaiiKsms arc forms of radmada hut that the 
bacteria hc^ adapted to a given species of leguminous plant are those 
naturally found upon that iilaiit. However, cross inoculation is 
possible within certain limits. From the root tuberch^s of some 
egumiiioiis plants he obtained bacteria which seemed to be very 
Ingdily specialized, but he considers that this s})ecialization docs not 
extend to dillerences that may be regarded as siiecilic. 

As a result of a large number of experiments with dillerent kinds 
ot legumes, Maassen and Mullvv (1907) rciiched the conclusion that- 
Uj Ihe organisms of Pimm mtlimi will inoculate Vwlafaha, V. 
satwa V . villosa, Leiis esculmia, Lathyrus mtinis, L. odoratm 
and Z. sikestns; (2) that of Trifolkmi inmmaiuw inoculate 
. (3) that of Medicago miita will inoculate M. Inpnlhia 

and Mehlohis afficinaUs; and (4) that of Livphim lutms will inoculate 
P- angmhfolim and Ornithopiis satimis. ddie organisms of Phamdm 
vuigarw, Soja hwpida, and ihhinia pscudacacla, according to 
iVlaassen and Muller, will apparently not inoculate any other ])lant. 
^>imilar concdusions were reached regarding the organisms of CnnmUla 
vana, Ommychis satam, Anihylhfi vnlncraria, SandJiaiiiniLs scoparim, 
^'^rpha fruticosa, Caragana frutcscen^, and Acacia lophanta. 

He llossi (1907) described a specific organism derived bv him from 
root tubercle's of F. faki which i>rodue(\s root tubercles and which 
p c aimed is morphologically, biologically, and culturally widely 
dinerent from Bacillm radiamda Beijerinck. 

Nobbe and coworkers (1908) showed that pure cultures of 
actena from tubercles of one member of a genus are elfective on 
other members of the same, and, as a rule, only of the same genus, 
lioy found, however, complete interchangeability in case of peas 
and partial in case of lupines and serradella. 

^ipfel (1912), with the hope of throwing light upon the kinship 
among the various nodule bacteria, made use of the agglutination 
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method. From his results he eoiu’luded that the iK^duIe l)aeteria 
were not varieties of the same species, hut that distinct s])ecies 
existed. 

Klimnier and Kriiger two years later used serological tests to 
distinguish species. They userl the agglutination method ])rinci- 
pally and com])lement hindingand precipitation for confirmation and 
control. Working with organisms from eighteen h'gumc s])ecics, 
they divided the bacteria, according to their iiK'thods, into nine 
species which they asserted dittenal sharply from oiu‘ another. 

Simon (1914) tested vairious cultures upon scaallings of se\'(‘ral 
legume species and compared the results with those* obtained l)y 
using Zi])fers agglutination method. He found that the results of 
both methods agree Hubstantially. His grou]>ing of the organisms 
is in general agreement with that of Ivlimmer and Kriiger. He 
concluded, however, that “the root bacteria of h'guuH's an* rather 
to be conceived as more or less constant adai)tations of the spe'cies 
Bacillm radicirofa .' ’ 

llurrill and Hansen (1917), after an extensive study of various 
legume bacteria both with the pot-cultun* im'thod and the agar 
test-tube method of (larman, divided tla* nodule organii?ms into the 
following eleven groups according as they are interchangeable for 
the purpose of inoculation: 

(ilU)Cl* I. 

Mammoth red clover, TrlJoJiam [jratnwr peremu’. 

Alsike, or Swedish clover, TrifoVnini In/bridinn. 

Crimson clover, Trlfoliym incanudum. 

Berseem, or Egyptian clover, Trlfohuin ah‘.V(indrHi)nun. 

White clover, Trifolium repeus. 

Zigzag, or cow clover, Trifolium mnlium. 

Grunji* 11. 

White sweet clover, Mdilotiw alba. 

Yellow sweet clover, Melilotiui officinahff. 

Wild yellow sweet clover, MeJiloitus tudica. 

Alfalfa, Medimgo mtim. 

Alfalfa, Medicago falcata. 

Bur clover, Medicago kispida. 

Black medick, or yellow trefoil, Medicago lupahna. 

Fuiiugreek, Trigonella foenum-graccum. 

Group 111. 

Cowpea, Vigna sinensis. 

Partridge pea, Cassica chamaecrisia. 

Pean ut, Arj ihis hypogoea. 

Japan clover, Lespedeza striata. 
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Slender bush clover, Lespedeza virginica. 

Velvet bean, Miwuna iitilu. 

Wild indigo, Baptwia ihwtoria. 

Tick trefoil, Desirwdium canescem. 

Tick trefoil, Desmodium illin()e7use. 

Acacia, Acacia aniiata. 

Acacia, Acacia floriburida. 

Acacia, Acacia longifolia. 

Acacia,^! cacia melanoxylon. 

Acacia, Acacia semperflora. 

Acacia, Acacia from (kilifornia. 

Dyer’s greenweed, Genista tinctoria. 

(iKOUP IV. 

Common garden pea, Pi/siim satiimm. 

Field pea, or (,’anada ficM pea, Pisum sativum arven 
Hairy vetch, Vida villosa. 

Spring vetch, Vida saliva. 

Broad bean, Vida faha. 

Narrow-leaved vetch, Vieia angustifolia. 

Vetch, Vida daysiecarpa. 

Lentil, Lens escidmta. 

Sweet pea, Lathynis odoralus. 

Perenniid pea, Lathyrus latifolius. 

Group V. 

Soy bean, Glycine hispida. 


Group VI. 

Garden bean, Phaseolus vulgaris. 

Garden bean, Phaseolus angustifolia. 
Scarlet runner bean, Phaseolus multiflorus. 

Group VII. 

Lupine, Lupinus perennis. 

Serradella, Onvithopus sativus. 

Group VIIL 

Hog peanut, Amphicarpa momma. 

Group IX. 

Lead plant, Amorpha canescens. 
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(iKOlIP X. 

Trailing wild bean, Strophostyles hdvnla. 

(iHOUP XI. 

Black, or coniinon locust, Rohinia pfieiido-acaeia. 

TTiltner and Stormcr (lOOd), however, arranged the tul)ercle 
l)acteria into two groups possessing, according to them, well-defined 
mor])hological and physiological dill'creiices. One of these groups 
is includetl under the species Rhlz>hium radwlcola and the other 
under Rhizobiiini heijerlnckii. The former comprises th(‘ organisms 
from lupines, serradella, and soybeans, wdiercas the latter com])rises 
all of the others. 

(irieg-Smith (1!)()2) reports having found three races of the 
nodule bacteria in the same nodule, while (lino de Rossi (1!)07) 
reported the finding of two organisms which differ in that oiu' forms 
a large hyaline colony not developing well on beef and })c])tone 
gelatin, while the other forms white non-transparent colonics on beef 
gelatin. He l)elieves that the one is morphologically, biologically, 
and culturally widely diffcTcnt from Bacilhi.s' radicicida (Bcijcrinck). 

Cultural Characteristics. -The nodule bacteria grow well on a great 
variety of cultural media, j>erhaps best on a medium of ash-maltose- 
agar or one of legume extract to which has been added a sugar, 
dextrose, sucrose, or maltose, and dipotassium phos))hatc. 

In an agar stab typical droi>form colonies are i)roduc('d at the 
surface, while a thin gray growth follows the liiu' of the m^edle. In 
standard beef broth the growth of the organism is slow. The liquid 
becomes cloudy, a gray-white ring is formed, ami a thin imanbrane 
covers the surface. Later a flocjculent precipitate settles to the 
bottom of the tul)e. In standard beef broth gelatin the growth of the 
organism is at first funnel-shaped and then stratiform, (jclatin is 
.slowly li(juefied, the process sometimes reejuiring two or three months 
for completion. In gelatin stabs the growth sometimes scjds over 
the stab with a droj^forra growth and liquefaction does not occur. 
On the ordinary cultural media the organisms do not show any very 
characteristic growth. The most noti(*eable diflerciice between 
various strains is the rapidity of development. Slight alkalinity to 
+20° to +25° acid (Fuller’s scale) with phenolphthalein is tolerated; 
neutral to + 10° is best. 

The results obtained by Fred and Davenport clearly indicated 
that the nodule bacteria from different plants behave differently 
toward acid. They divided the legume I)acteria into five groups 
depending upon their sensitiveness to acid. 

1. Critical pn 4.9 Alfalfa and sweet clover. 

2. Critical pn 4.7 Garden pea, field pea and vetch. 

3. Critical pii 4.2 lied clover and common beans. 

4. Critical pH 3.3 Soyljeans and velvet beans. 

6. Critical pH 3.15 Lupines. 
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The alfalfa organism is the most sensitive of the legume bacteria, 
to aeulity and conversely the hi])ine organism is the most resistant to 
acidity. 



Fia. :a} 



Fio. 37 


Fioii. 36 auJ 37.— Ash-anar plato from Ircan (Phaseolue vulgaris), showinu idant 

f-'" perennial pea 

n^^f, tk ^ spaces are due to 8tr.rilized fluid carried over with piecM of 

noatile tissue. (After Burrill and Hansen). 
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The zone of oj)tiinuni tem])cratiire (Zipfel) is ht'l weeii IS'’ and 20° 
C.; the limits of growth are 3° and. 45° (\; and the npixa* limits of 
life are from ()0° to 02° (\ Hurrill j^ives a eoiisiderahly liiglier 
optimum temperature -25° to 28° i\ (Jricj^-Smitli found the best 
temperature for the })roduetion of slime to be 22° C. with most organ- 
isms and 20° (\ for one obtained from Robin i(L 4'h(' organism is 
aerobie, and he found that diffusod sunlitj:}^ (»f tlie laboratory is not 
h.'irmful; e\’en exj^osure to direct sunlij^ht for seAcTal months with- 
out transferring' did not kill the organisms when grown u})on favor- 
able media with preeautions, to prt‘\ ent ('va])oration. 

Ball found that the organism euduix's at least two years in dry 
soil. Harrison and Barlow found that th<‘ limit of viability on ash- 
maltose-agar varied somewhat, but in the majorily of ease's it was 
about two years. How long the organism will ('xist in a soil maler 
field eonditions is not yet known, but jmietieal ol)s<'rvations indicate 
that it must be many years. 



Fia. 38. — Young nodule magnified, .showing alTectctl root hair and sutne root hair 
more highly magnified. (After Atkinson.) 

Morphology of the Colonies. — Two types of colonies appear on agar 
plates— buried and surface colonie.s— and are thus described by 
Burrill and Hansen: 
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“Buried colonies lire small and submerged, most frequently lens 
or simidle-shajied, with smooth and even edges. They are 'rathe 
opaque, granular m .structure, and in color are eream to a chall 
white. Ihey increase slowly in .size, eventually ajiiiearing on th. 
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Fi«. 39.-~Young nodule, showing the beginning of the differentiation of its tissues. 
(After Prazmowski.) 

surface ^ the agar as surface colonies, when the growth becomes 
rapid. 1 he lens colonies, however, remain visible for many days in 
the center of the new growth. 

1 colonies originate at or near the surfaces of the agar or 

develop from buried colonies. They are drop-form, watery, muci- 
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lajjjilious (in a])})earaiK*c, tliouj^h not always to tlie touch), gray- 
white to jicarly white in color, glistening, and sernitranshiq|nt 
to o])a(iue. "Fhe edges are smooth and even. I nder the low jiower 
the int(Tior is granular. They frecjuently attain considerable size, 
a centimeter or more in diameter. 

“ Plates made direct from the nodule lack uniformity to a marked 
degree. The undiluted plate (first plate) begins to show a few 
colonies in two to four <lays. These colonies heconu* extremely 
hirge in a very short time, their rapi<l growth being due to small 
pieces of nodule tissue or to chimps of bacteria carried over into the 
agar. In five or six days numerous colonies Iiegin to make their 
api^earance, most of them as subnuTged colonies, which later grow 
to the surface. 

“The dilutioh-])late (second jilate) colonies are always extremely 
slow in growth, (lenerally colonies are large enough for transfer 
in six to fourteen days, the j)lat(‘s should not bt' discarded for two or 
even three weeks. 

“The rate of growth of colonies also varies with the organisms of 
different nodules. Among the fast growers are the organisms from 
pea {PUum), vetch {Vida), lentil (Aea.v), sweet ])ea { Lathy rn^n), 
bean {Phaaeolud^ lupine {Lupinus), wild bean (StrophoNtyles), 
clover (Trijuliuni), sweet clover {McJilotm), alfalfa {Medicago), 
and fenugreek {Trigomdla). The organisms appreciably slower in 
growth are those from the cowpea (Vigna), Japan clover {Les pedeza) , 
tick trefoil ( I)('sni,f)dium), acacia {Acacia), ])artridge pea {(lassda), 
false indigo ( liaptwia), dyer’s greenweed ( Genista), peanut (.1 rackis), 
soybean {Glycine), and hog j)eanut {Amphim,rpa)d 

Morphology of the Bacteria.— They are bacilli and when full-grown 
vary in length from 1 to 4 or -V. It is not uncommon to find them 
from 0.5 to ().(*)/u wide and from 2 to 3ju long and some have been 
found to measure only O.IS/* wide and 0.9/4 long, ddie bacilli prevail 
in the young nodule, whereas the branched forms or bacteroids 
predominate in the older structure. In the cowpea nodules Burrill 
freciuentl.v found large club-shaped bacteroids, though the branched 
forms were not so numerous. 4bc bacteroids are best demon- 
strated when the \'oung nodule is just beginning to show a reddish 
interior. At this stage the characteristic s' and y forms occur in 
great number and show consitlerable vacuolation and unevenness in 
staining, especially when stained with carbol-fuchsin. 

“In the old, decomposing nodule the bacteroids are extremely 
vacuolated and ghost-like, showing small, oval, deejKstaining bodies 
within. The inference is that these bodies are motile ^warmers 
which later free themselves from the ghost-like capsules, rather than 
bud off, as has been described by some writers. Frequently the 
swollen rods have a beaded apptairance. with unstained bands or 
areas. A few motile rods may sometimes be seen in hanging drops 
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in this staso an.i sometiim.s a hai tenuM is seen t.i oscillato as tlmuKl, 
swu,g about by some ,.ropellii,g foree i„ eml. I )i^.isio„ of "he 
bactooids into liaeil i, as reprosenteil by Dawson, may also ociair. 

When first plateil out, the young eolonies consist of .small rods 
which show cmsiderable ^•ariation in length. No hactcriods are 
Iiresent, though the rods are .sometimes slightl\ ilub-shai>cd and 
sometimes show vacuo atiou. However, they never attain the siie 
o bacteroids. With reitueiit transfers the rods become quite 



" In very old cultures (three months on ash agar, without transfer) 
the small oval swarmers ami the normal rods iir.-dominatc, though 
a fe^- club-shaped ami a few branched bai teroids are found. The 
bacteroids produced u])on artificial media arc iicx-cr so large nor so 
numerous as those .seen in nioiiuts direct from a vomig nodule. 

Staining.- I he organisms do not stain well with ordiiiarv 
aniline stains. ( arbol-fuchsiu ami auilinc-gcntian-violct (used 

steainmg) are tlie most .satisfactory stains. carbol- 

tiichsm ws Pi-e/frred, anilin-geutiaii-violct .stains wem alwavs 
u.seit as checks, because the former stain accents the vacuolated 
appearance, particularly in bacteroids. ( ■arbol-fnclisin is csia.ciallv 
useful in .staimiig bacteroids, direct from the nodule and also old 
ugar cultures. Kiskalt’s amyl-Gram stain, described l.v Ifarrison 
anri Barlow is useful since the amyl alcohol clears ui; the field, 
eaving the bacteria stained, though not so intensely. 'I’his stain, 
^loweyer, should not be considered a means of identifying /'.v. 










41.— Batftoroids, .shttwing sh.ipo j.ntl rtccirrcncc of vtit iiolt*.'^. (Alter Whiting). 


acteroids.— While Ps. radtnrnla jmxluces no spores, it ])ro(luees 
eroids which are very evidently more resistant than the normal 
s. I nfavorable conditions, such as nnsnitahle media, inirequent 
ransier, or addition of cafiein to the medium, cause their ajipear- 
Hnce. 1 his is in accord with what tak(‘s place in tlie nodule. J n the 
growing nodule, when development is most rapitl, the bacteroids are 
heir maximum; they enable the organisms to multiply rapidly 
jn spite of the resistance offered by the plant cells. Transferred to 
avorable im^dia from this stage the normal uniform bacilli are 
proauced. Ihe bacteroid then must be regarded as a normal and 
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ii very necessary stage in tlie life of the organism. Its significanee 
in the actual fixation of nitrogen, however, is i)ure speculation.” 

The organisms are actively motile and when viewed under tlu* 
microscope may he seen darting about with amazing rapidity, now 
tumbling end over end, now spinning violently on the short axis 
and then sweeping across the field in a darting, jerking course. 
Hiey contain from G to 20 flagella. The number and distribution 
of the flagella are variously given by the different investigators due 
jn-obably to either variation in organisms or to the difficulty witli 
which flagella is demonstrated owing to the gum or slime produced 
by the organism. 

Mode of Entrance into Host. The method of inoculation and tli(‘ 
growth of the nodule is described as follows l)y Whiting: 

‘'As the tip of the root hair of the legume ])ushes itself out into the 
soil, it chances to come into intimate contact with the organism, 
/i. radwicnla. Some scientists have exploited the view tliat the 
organism is attracted to the plant by chemotaxis, believing that the 
plant excretes a substance, probably a carbohydrate, whicli diffuses 
into the soil solution and attracts the motile organism. While it 
has been rather definitely shown that this organism prognxsses in 
the soil at a rapid rate, nevertheless the number of root hairs infeded 
is too small to lend support to a chemotactic tlieorv'. However the 
case jnay be, the organisms cluster at the tip of the hair and by 
means of an ('uzyrne (or otherwise) rapidly dissolve the cellulose of 
the cell wall, thus cmabling the organism to enter the root hair. As 
a result, there is a decided bending of the tij), causing it to resemble 
a shepherd’s crook. This was early observed as a sign of complete 
infection. It is claimed that other root hairs which form after infec- 
fjon are immune to the attack of other leguminous l)acteria. 

1 he organisms, by rapid division and growth, advance through 
the ccntcT of the infected root hair. Prazmowski found organisms 
in the cell sap and even in the epidermis only two days after inocula- 
tion. In this advance an infection .strand (Infektion-schlauche) is 
formed, which consists of gelatinous material, and in the earlier 
stages of development this strand may be traced from the root hair 
into the inner tis.sue of the root and from cell to cell throughout the 
nodule. This infecting strand is not supi)osed to constitute a 
portion of the living tissue, nor is it a well-defined tube; but, as Frvd 
has recently shown, it consists of a large number of zooglea occurring 
adjacent to one another, in which separate bacteria can be distin- 
guished. The infecting strand branches profusely and it was this 
habit of growth which caused the early investigators to consider it 
the mycelium of a fungous growth. 

“Growth of the Nodule.— The presence of B. radicicola in the 
tissues of the root causes a rapid cell division in the pericycle. 
These cells become larger and contain more protoplasm than the 
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siiiToiuiding cells, and as growth takes place the cortical parenchyma 
and epidermis are forced outward, thus forming a nodule. The 
growth of the nodule is apical. The various tissues common to the 
plant are ])resent. in the central portion of the nodule is the so- 
called l)ac*teroidal tissue, whi(‘h is ochre, flesh, or gray in color, 
according to the age of the nodule, and in this ])ortion the infecting 
strand (infektion-schlauche) is distinguished in tla* young nodule. 
It ramifies throughout the cells, causing those which it (‘liters to 
lose their power of cell division hut not of growth, fiater, or in 
older nodules, the infecting strand is not visible, and the bacteroidal 
tissue loses its firmness. At the jieriod when seed formation is at 
its height, most of the noduh's are soft, and the internal tissues slough 
oil*, leaving the more resistant epidermal tissue a mere shell, whi(‘h 
later decays, ddie endurance of the noduh* dt^pends ui>on several 
factors, -chiefly, liowever, upon the kind of h'gumc ])laiitoii which 
it is produced and the need of nitrogtai by that ])Iant. 

“Iherce considers the nodules as originating endogenously from 
the same layer of cells as the lateral roots, and as being morpho- 
logically similar to them; however, as the lati'ral roots ru])ture tla? 
epidermis the above statement is not (uitirely in accord with what 
actually takes i>lace. 

“ddie nodules are largest and most nnmerous where “aeration is 
best in the soil, in saturated soils they occur at the siirlace and 
are oftiai found colored green, very similar to sunburned jiotatoes. 
Nodules form in solutions, and exceptional !>■ w(‘ll in c(‘rtain nutrient 
solutions. Several interesting instances have In'cn brought to the 
attention of the Experiment Station, in which th(‘ observers fx'iicwed 
that the nodules had grown above the ground. These ])eculiarities 
were undoubtedly caused by unobserved jihysieal conditions occur- 
ring at the time of infection or afterward.” ^ 

Relationship to Host.—Even today the rclatioiishi]) between Ps. 
radicicola and its liost is a mooted cpiestion. Some authors elaim that 
they are true parasites and that the relationship betwi'cn the 
tubercle organisms and their host ])lants is that ot two contending 
parties and the bacteria draw on the nitrogen of the air in their 
endeavor to make up the deficiency of nitrogenous substanc(;s which 
have been taken from them by the plant. Moreover, inoculatam 
experiments have demonstrated that Ps. radicicfda causes a certain 
resistance similar to that produced by an organism in combating a 

true parasite. ^ ... • v • i 

Ililtner has given the six following conditions as instances m which 
iunnunity denionstrate.s itself: 

1 . The organisms cannot get into the plant. 

2. The organisms gcain admission into the plant, but do ni^t pro- 
duce nodules because the plant, by its greater resistance, absor s 
die bacteria. 

20 



306 


SYMBIOTIC NITROGEN FIXATION 


3. The organisms enter the plant and produce nodules, but no 
fixation of nitrogen occurs. 

4. The organisms enter, j>roduce nodules, and nitrogen is fixed 
and assimilated by the plant. 

5. d'he organisms are so efficient in comparison with the plant 
that the latter is injured. 

f). 44ie organisms are parasitic and the plant is actually killed. 

(Certain ])rodncts which arc produced by the invading organism in 
connection with the host have been take?i as evidence of the parasitic 
nature of the bacteria, whereas others consider the nodule which 
forms on the h'gunie root a result of irritation due to a parasite. 
(jricg-Smith, howevc^r, considers the formation of root tulx'rcles not 
as a result of irritating parasitic action but rather as the consequence 
of the production of nutrients at that ])lace resulting in better 
nourishment and growth of the cells than in other parts of the roots. 

Fuhrmaim considers that the fixation of atmospheric nitrogen 
be the root-tub(‘rcle organisms begins when the l)acteroids hav(‘ 
reached a stage when they are colore<l brown-red by addition of 
tincture of iodine. This occurs onl\’ when the organisms are feeding 
almost e.\(*lusi\'cly upon carbohydrates and the available nitrogen 
compoimds have Ix'en almost com])Ictel\' exluiusted. Many 
workers ]>refcr to call the relation.shi]> up until this stage a true 
I)arasitic and later a true mutual symbiosis. 

By careful staining Fre<l was able to demonstrate* the entering of 
the bacteria through the root hairs, immediately after which a 
tubercle started to form. A series of s(‘ctions showed that mitosis 
goes on in the nodules much the same as it docs in diseased tissue of 
aniimils. d'he* mitotic figures are larger, very irregular, and not well 
marked and have an uneven number of chromosomes. In the 
normal roots the mitotic figures are about one-sixth as large, very 
clear, and the chromosomes in numerous j>airs. This he considers 
bears out the theory' that the legume bacteria an* symbiotic; parasites 
of the plant. 

If we accej>t Whiting’s definition of mutual symbiosis “as the 
contiguous association of two or more morphologically distinct 
organisms not of the same kind, fesulting in an acepusition of 
assimilated food substances which implies that the organisms con- 
cerned have the power of independent existence, but that both are 
benefited by the close association,” we must conclude that all the 
evidence bears out the idea that the relationship existing between 
Ps. radicicola and legumes is one of mutual symbiosis. 

Mechanism of Fixation (Metabolism).--Ft^r a long time it was 
believed that tlie nitrogen fixed by legume bacteria and assimilated 
by the plant was obtained through the leaves. The organisms on 
the roots were considered to in some way stimulate the plant so that 
it possessed the power to assimilate nitrogen. Stoklasa considered 
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that arnids were first formed and that these migrated to the nodules, 
reacted with ^>:hicose and produced jn*otein wliich served as the 
nutrient medium for tlie bacteria. In this connection he a<lva.nced 
the idea that the bacteria produced an enzyme which enabled the 
plant to fix the nitrogen. This theory, how('Ver, was shown to be 
untenable by Whiting who grew soyb(‘ans and cov ])eas under candnl 
control conditions. One lot reec'ived a definite pro)>ortion of oxygen, 
and carbon dioxid, a second ox\ gen and carbon dioxid, while a third 
received ordinary air. Pie found that these plants utilize atmos- 
pheric nitrogen thnmgh their roots and not through their leas es. 

Nobbe and ITiltner (IS1K>) considered the root tubercles to be the 
parts of the leguFuinous plants when' the free nitrogen is assimilated 
and that the direct agents of the assimilation are the baeteroids and 
not the bacteria themselves. As to the metabolism of the nitrogen 
by these baeteroids the ideas at present are wry ind('finit('. Loew 
and Aso (1908) suggested that ammonium nitrite w:is the first 
compound imxhiced, the nitrons acid being readily n'duced to 
ammonia. 

(jautier and Dronin considered that tin* nitrogt'n is oxidized to 
nitrous and nitric acids, whereas Winogradsky has advanced tlie idea 
that the free nitrogen in the plasma of the organism may unite with 
nascent hydrogen and form ammonia whicli by oxidation would 
f)eeome assimilable. 

(lerlach and Vogel concluded that there is a dirt'ct union of free 
nitrogen with some organic compound inside the l)aet('rial cell. 
Heinze thinks it probable that nitrogt'u is at once brought into 
combination with a carbohydrate (gly(*ogen) and suggests that a 
salt of carbonic acid may be formed first, or that carbonic acid may 
be produced from cyanamid. All of these theori('s, howe\’er, are 
purely speculative as there is little experimental evidence on the 
subject. 

It is in keeping with our knowledge of bacteria to assume that 
the changes are catalyzed by enzymes produced by the bacteria, 
and Hiltner reported the fimiings of a substance which is ]>roduced 
by the legume bacteria which can dissolve the cell wall and root 
hairs. Yet Beijerinck claims that no enzyme has been foimd which 
attacks starch, cellulose, or saccharose. No true })roteolytic enzyme 
has been reported, but Benjamin has reported the presence of urease 
in the nodules of various legumes. This enzyme is, however, found 
quite generally in plants and may have come from the host and not 
the bacteria. PVed, although unable to detect a proteolytic enzyme, 
has obtained evidence of the pre.scnce of oxidases in the slime of 
various legume bacteria. 

There are two main suppositions regarding the assimilation of the 
nitrogen by the plant as follows: (1) Ihat the baeteroids are bodily 
absorbed by the plant fluids; and (2) that the baeteroids, by some 
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sort of change, produce the substance containing the assimilable 
nitrogen which the plant used. 

Idierc appears to be considerable evidence in favor of this second 
theory. Stefan thinks that the transfer of the assimilable nitrogen 
from the organism to the host plants follows the ordinary physic'al 
laws of osmosis, and (folding has conducted some very interesting 
experiments on the removal of the products of growth in the assimila- 
tion by nitrogen by legume bacteria. He reasoned that the plant 
played an important role in tlie removal of the products produced by 
bacteria in the nodules aside from the mere furnishing of suitable 
food. He used a porous (diamberland filter candle placed in a 
culture vessel to serve to imitate natural conditions. The parts of 
the i>Iants used in some of his experiments were sterilized in order to 
avoid the possibility of plant enzyme action. As a result of his 
method of experimentation he obtained a much greater fixation of 
nitrogen than other experimenters had obtained. He concluded that 
the plant plays a pjirt in the removal of soluble ])roducts of growth, 
thus permitting a more rapid reaction than where tlie products 
accumulate. 

The results of Golding’s most extensive experiment are sum- 


marized as follows: 

Nitrogen in 
Grama. 

500.0 gnis. of stems and leaves 2.865 

2(). 2 gm.s. of roots and nodule.s (quite fresh) 0.094 

3000. 0 c.c. ammonia-free distilled water 0.000 

Total nitrogen to start with 2 . 959 

2870.0 c.e. filtrates and drainings 0.731 

566. 2 gins, wet residue 2.570 

Total nitrogen after experiment 3.301 

Total gain of nitrogen during experiment 0.342 


Attempts have been made to obtain an insight into the transforma- 
tion going on in the nodules by various analyses. These have been 
summarized by Whiting as follows: 

“Chemical- The chemical comjx)sition of legumes from the 
standpoint of their nitrogenous constituents has been investigated 
to some extent, but the studies closely related to this point are 
relatively few. The following data are very general in character 
and relate to studies concerning the total nitrogen content of the 
different parts of legumes at different periods of growth. Studies 
upon some of the various nitrogenous compounds are also included. 

“In 1895 Stoklasa, working with lupines {iMpinus lutem and L. 
angiistifolim) , found that the nodules were richest in the element 
nitro^n at the time of blooming, while the roots appeared to be 
richest in that element at the fruiting period. His results are given 
in^TaWe Iv The figures for the nodules indicate the nitrogen is 
Stl^.itaken \ip by the plant for seed production or diffused into the 
sol^^ 
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TABLE r.— TO^J’AL NITROGEN IN LUPIN US LUTEUS: RESULTS OBTAINED 
BY 8TOKLASA. (PERCENTAGE ON DRY BASls). 


Period. Roots. Noduloa. 

Blooming 1 , Oi 5.22 

Fruiting 1..S1 2,Gl 

Maturity 1.42 1.7.1 


“Stoklasa also determined protein, ainids, and as])arai^in in 
lupine nodules. The protein wus obtained by the Stutzer metliod, 
the amids by the Kjeldaiil method, and the aspara^iii by ealeula- 
tion from the ammonia obtained by distillation witli inagntisinm oxid. 
Table 11 shows his results. 

TABLE II.— NITROGICN COMPOUNDS IN LUPINE NODULES: RESULTS 
OBTAINED BY STOKLASA. (PERCENTAGE ON DRY BASIS). 


Period. Protein. Amids. AspariiRin. 

Blossoming .4.99 0.45 0.34 

Maturity 1.54 0.15 Tiium' 


The presence of asparagin in the nodule is im]>ortant, as it is 
thought to be intimately related with the formation of ]>rotein. 

“In 1901 Wassilieff studied the nitrogen com])ounds in white 
lupine {Lupimis alba) seeds and seedlings. lie found that the seeds 
contained 7.68 per cent, of total nitrogen; and that of this, 6.89 per 
cent, was in the form of protein and 0.53 per f‘ent. was ])reci|)itated by 
phosphotungstic acid, leaving a dilference of 0.26 jier cent., aspara- 
gin. The occurrence of asparagin in large amounts in the seed- 
lings is shown by the data given in Table 111. 

TABLE III.— NITROGEN COMPOUNDS IN FOURTEEN DAY OLD GREEN 
SEEDLINGS OF WHITE LUPINES: RESULTS OBTAINED BY 
WASSILIEFF (expressed IN PERCENTAGE ON DRY BASIS). 


P.T.A.‘ Total 

Parts. nitrogen. Asparagin. Protein. nitrogen. 

Leaves 0.54 1.15 4.11 0.57 

Cotyledons .... 0.63 3.83 2.44 7.84 

Stems 0.42 4.. 57 1.66 6.77 

Roots 0.46 2.20 1.87 5.40 


Wassilieff also demonstrated the presence of leucin and tyrosin 
in the cotyledons of one-week-old seedlings of white lupines. These 
and other arnino-acids would be expected to be present when the 
protein of the seed is breaking down for the nutrition of the seedling. 

“Knisely analyzed the leaves, pods, .stems, roots, and nodules 
' of lupine plants for total nitrogen at three distinct periods ol devcloj)- 
ment. Ilis results show better than the others presented where the 
nitrogen accumulates as the plant matures. 

* Phosphotungstic acid. 


I 
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^J'AHLE IV. TOTAL NITHOGEIV IN HrPINES: RESULTS ORTAINED BV 
KNISELY. (expressed IX PERCENTAGE ON DRV BASIS). 


Period. 

Leaves. 

Pods. 

Sterns. 

Roots. 

Nodules. 

ETill bloom 

. 4.02 

3.07 

1.15 

0.92 

5.17 

Pods well formed . 

. 3.70 

3.38 

0.88 

0.83 

3.29 

Potls v('ry large 

. 3.41 

3.68 

0.90 

0.G6 

3.70 


“Schulze and Barbieri examined lupine and soybean seeds and 
s(‘edlin^?s for nitrogen and obtained the results shown in Table 

TABLE V. — NITROGEN IN LUPINE AND SOYBEAN SEEDS AND SEEDLINCJS: 
RESULTS OB FA IN ED BY SCHULZE AND BARBIERI (EXPRESSED 
IN PERCENTAGE ON DRY BASIS). 


Material. 

Total 

nitrogen. 

Protein, 

P.T.A. 

nitrogen. 

Filtrates 
from P.T..’ 

Lupine, seeds .... 

8.63 

8.17 

0.24 

0.22 

.Soybeans 

6.73 

6.32 

0. 13 

0.28 

laipine dark seedling.s, 

elo\ en to twoK o days old 

10.64 

3.40 

1.00 

5 . 04 

Lupine dark seedlings 

twelve ilays old 

10.51 

2.33 

2,17 

0.01 

.Soybean seedlings fifteen 

days old .... 

7.42 

3.80 

0,50 

3.00 


“'^rhcy also found a large amount of asparagin in both the lupine 
and the soybean seedlings. 

“Schulze has made a careful study of the compounds in plants, 
and lias formulated the hypothesis that the same decomposition 
products arise from protein in the ])lant as outside it, Init that in the 
plant the compounds arc furtlier altered, thereby affecting in varying 
degree the individual products of the hydrolytic decomposition. 
A comj)arison of the analyses of pea seedlings one week old and those 
three weeks old show the following dilferenees: 

Leucin. Tyroain. Arginin. Asparagiu. 

I week .... Abundant Tattle Present Absent. 

3 weeks .... Much les.s Absent Almost .absi'iit Very abundant. 

Arginin and amido-acids were shown to be ])resent in the lupine 
cotyledons, but asparagin was absent, although the latter substance 
was found in the stem of the seedling. It has been suggested that 
the occurrence of asparagin is associated with the disa])pearance 
of amido-acids and not of protein. Phenylalanin, tyrosine, and 
tryptophane have been reported in the white lupine {Lupinus alha), 
tyrosin and trypto])hane in vetch iyicia saliva), and tryiitophane 
in the garden pea {Pisuvi sativum). 

“Smith and Robinson found 4.19 per cent, of nitrogen in soybean 
nodules and 3.90 per cent, in cowpea nodules. They observed that 
inoculation increased the protein content of soybean plants without 
increasing the yield of beans. This has been noted by other 
experimenters. 
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“Hopkins lias reported the analyses of eowpea jilants for total 
nitrogen with and without inoculation. The nodules, root, and toi)s 
w^ere analj^zcd separately, as wnll he seen hy reference to Table VI. 


TABLE VI. " NITROGEN FIXATION BY COWPEAS: 

RESEbTS OB'l’AlNEl) 

BY HOPKINS. 

(expressed in 

KJS.) 

NitroKCti 

Treatment. 

Tops. IloDt.S. 

Noduius, lixfd. 

Ten plants with bacteria . 

146 9 

II 125 

Ten plants without bacteria . 

liH 


Tcui plants with bacteria . 

171 10 

18 140 

Ten |)lants without bacteria . 

55 4 


'I'en plants with bacteria . 

14:i S 

17 124 

'I'en plant.s witliout t)actcria 

40 f 


dlie inoculatetl phints contained ti much greater jtercenttigc of 
nitrogen than the uninoculated, the average content of the inocuhitcd 


being 4.24 per eent. in the tops, 1.48 }x*r cent, in the roots, and 0.1)2 
jicr (!ent. in the nodules, wdiile the average content of the uni noculated 
was 2.48 jier cent, in the tops and 0.88 per cent, in the roots. 


“dTe ash and the ash constituents of the nodules and the roots 
of lu])ines ha\'e been deterinineil by Stoklasa, as ])resented in 
Table VI J. 41ie total ash of the nodules was found to be ().32 per 
cent., while that of the roots w'as found to be 4.53 per cent. 


'J'AULE VII.- -ASH CONSTITIJEJJTS IN J.UPINE NODULES AND llOOI'S'. 
HESULTS OBTAINED BY STOKLASA. (EXPHESSED IN PEKCENTAGE.) 


Constituents. Nodviles. Itools. 

Si 1.59 1.90 

S 4.90 O.IIS 

P. . 0.51 4.‘2S 

K 17. :u 12.05 

Na 10.94 19.94 

Mg 7.41 7.05 

f’a 7.64 12.04 

Fe 0.S:i 0.75 


“4'he analyses of red-clover nodules show^ a jiotassiuin content 
of 2.63 per cent, in the dry matter. 14n‘ nodules, therefore, are 
relatively rich in mineral elements as well as nitrogen eoinponnds; 
and Stoklasa’s results (See Table VI 1) show that the chief di herences 
between the roots and the nodules in the composition of the ash 
constituents are in phosphorus, potassium, calcium, and sodium. 
The nodules are richer in the first two elements and the roots in the 
latter two. 

“ In brief, the chemical data which have been consiilered, although 
small in amount, show the relative richness in nitrogen of the 
nodule as compared with other parts of the plant. 1 hey jioint to 
the accumulation of nitrogen in the seeds, at the expense of the other 
parts, as the plant matures. That the nitrogen exists in the form 
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of })rotein, aspanigin, and other soluble forms, is also clear. 'Fhe 
presence of various aliphatic and carbocyclic ainino-acids lias been 
mentioned.” 

Sources of Energy.— Under natural conditions the legume bacteria 
undoubtedly obtain the energy required for the endothermic reaction 
which they catalyze from the plant carbohydrates. 1 1 has long lieen 
known that decoctions of the legumes makes the best media on wliicli 
to .grow these organisms. Temjile found that the presence of 
ground alfalfa caused a rapid multijilication of the organisms cither 
in solution or in soil. Urieg-Smith found dextrose, levulose, sac- 
charose, maltose, and mannite to furnish a good source of carbon for 
the organisms, but lactose was a very poor nutrient. Tenqile found 
saccharose and dextrose siqierior to lactose, whereas he found levulose 
wholly unsuited to their needs. 

No one so far has attemj>ted to measure their energy requirements 
when growing under their natural symbiotic condition. Fred has 
studied their growth a})art from the host jilant and found that when 
considered per unit of carbohydrate consumed the legume bacteria 
fix as much or more nitrogen than Azotohacier. 

“Aeration.- The legume bacteria arc all aerobic and the nodules 
on the roots of the plants are usually near the surface. Although 
nodules will form on plants grown in water cultures, yet they are 
not as large and active as Avhen grown in a well aerated soil. The 
addition of oil to a soil or water culture in which legumes are growing 
prevents the formation of the nodules. Moreover, as shown by 
Whiting, the legumes get their nitrogen through the root and not 
the leaves. The result of cultivation of legumes is, therefore, 
threefold: (1) The loosening up of the .soil, thus making available 
to the nodule bacteria atmospheric nitrogcui and oxygen; (2) the 
working of the soil increa.ses other bacterial activity which in turn* 
renders soluble potassium, phosphorus, and other essential elements 
in the soil; (3) the loose aerated surface tends to conserve the 
moisture of the lower layers which can be drawn on by the plant, 
thus making more nearly optimum moisture conditions. 

Moisture. —The root systems of plants vary greatly with the 
moisture content of the soil. Gain found that legumes grown in 
moist soil spread widely, were full of water, became covered with 
root hairs, and presented a large surface of young tissues. In the 
dry soil the roots were less spreading and the epidermis was greatly 
thickened. 

In moist soil the tubercles of the peas were scattered all over the 
roots, were five or six times as abundant as in the dry soil, and were 
about four times as large and ovoid in shape; while in the dry soil 
no tubercles were produced on the superficial roots. At a depth of 
about 20 centimeters some.tubercles were found of a hemispherical 
shape and much smaller than those grown in moist soil. 
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On beans about twenty times as many tul)er(“les were found in 
the moist soil and microscopic examinations showed iin])or1init 
dill'ercnces in the number of baciteria present and the struetiire of the 
tubercles. Similar results were obtained with hj])ines and otlua- 
plants. This is what is to be expected, for when the root system is 
not actively functioning the nodules are slowly destroyi'd bv^ the 
nodule-forming bacteria within and the saprophytic organisms 
without. The nitrogen fixed by the plant is proportional to the 
number and size of the nodules. Hence, the gains made in combined 
nitrogen are dependent upon the water a])])licd to the lcgum<‘. 
This optimum will vary with dilferent soils. Kalantarov found in 
a loam soil that nodule bacteria recpiirc for their growth a minimum 
moisture content of about 30 i>cr cent., whereas Prucha found in a 
sandy soil the optimum moisture content was from 20 to 40 per cent. 
Wilson found that an increase in moisture conOuit from 35 to 45 
{)er cent, more than doubled the production of nodules, while with 
an increase from 45 to 55 per cent, it was nearl\' doubled. There- • 
fore, water is necessary for the normal functioning of the plant and 
bacteria, and it tends to leach out the soluble nitrogen and thus 
stimulates to grcat(;r action the legume bacteria, for it is known that 
the legume feeds first on the combined nitrogen of the soil and turns 
to the atmosphere only when this is greatly reduced. 

Excessive (juantities of water may exclude the nitrogen from the 
roots and also favor anaerobic action, botli of which would be 
detrimental to the legume bacteria. 

Temperature.— It is a well-known fact that the tem()erature of a 
soil varies with its moisture content and a water-logged soil is slow 
to heat up. Gain found the tem])erature of moist soil at midday 
to be 7 degrees cooler than dry soil. This dilference in temperature 
•persists throughout the day and night and is noted in a diminished 
degree even to a depth of four feet. This difference may be suffi- 
cient in some soils to greatly decrease or increase the metabolism of 
the organism which Zipfel finds is at its o[)timum at a temj^erature 
between 18 and 20° tk 

Influence of Fertilizers.— The legume bacteria reejuire tin.' same 
elements for their growth as do other plants, and the aj>plication 
of fertilizers to a soil which increases the available j>otassium and 
phosphorus is attended by an increased bacterial activity. How- 
ever, it has long been known that nitrates inhibit nodule formation. 
Wilson found that nodule development was i>revented by the 
presence of nitrates, sulphates, and ammonium salts, although the 
organisms retain their vitality in the pre.sence t)f these salts. It is 
thought by some that the addition of .soluble nitrates to the soil 
decreases by a kind of compensatory action the formation of root 
tubercles by legumes. Legumes growing on soil rich in nitrates 
may actually be immune to the nodule bacteria and prevent their 
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crilraiice into the roots. Siiuill (luantities of nitrates tend to 
stimulate. 

Legumes Associated with Non-legumes.- For eenturies it has been 
the praetiee in f ’hina, Ja])an, Western Asia, Northern Africa, as well 
as anei(;nt Koine, to ^n-ow lejjjiinies and non-leguiues in coinbinatioii 
and there is no doubt that time and aj^ain practical farmers ha^’e 
noted the more vigorous growth and darker grecai of non-legunu's 
when so grown, long before the investigations of Hellriegel and his 
associates estal)lished the fact that legumes are capable of utilizing 
atniospherie nitrogen. ITis disco ver\' gave the key to the mystery, 



Fia. 42. — Double i)ots used in showing influence of Legume on non-legume. 
(After Lipman). 


— the non-legume was getting eombinefl nitrogen from the legume. 
This was strikingly demonstrated by a very ingenious experiment 
conducted by Lipman. He grew non-leguminous plants in soil in 
a porous pot surrounded by earth in a larger glazed earthenware pot 
in which leguminous plants were growing and found that under 
favorable conditions non-legumes associated with legumes may 
secure large amounts of nitrogen from the latter. This power of 
supplying nitrogen to non-legumes varies wth different legumes. 
At times it may appear as an increased ,>aeld, whereas at others it 
may appear as an increased proportion of nitrogen in the dry matter 
of the non-legume or both. The following table gives the pel*- 
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ceiitages of increase in the i)roteiii content and length of lejif in tlu; 
grasses grown with clover over grasst;s grown aloiu' (Kvaris). 

Kiud of grass. 

'rimothy ^rovvii in lawn plat 
d'iinotiiy grown in field 

This, liowever, varies with the soil and there may he conditions 
in which not only the protein content of the non-lcginnc is slightly 
reduced l)y the association with the legume, hut that the i)crccntage 
of nitrogen in the legume may decrease as the ])roportion of non- 
legume in tlie mixture increases as noted hy Westgatc. luen in 
these cases the total nitrogen of the combined cro])s is usuall\- 
increased, provided the legumes are ])ropeily inoculated. 

Soil Gains in Nitrogen. -The gains made hy soil in nitrogem are 
dei)endent u])on a numher of factors. 

(1) It is self-evident that the soil must he in good ])liysical condi- 
tion for maximum nitrogen gains. (2) The soil must contain the 
elements essential to plant growth, with the exce])tion of nitrogen. 
Th(^ law of minimum holds rigidly in this case and the gains in nitro- 
gen are limited by the limiting element of jdant ])roduction other 
than nitrogen. (It) Soils which contain .sulhcient available nitrogen 
for the production of good crops gain little, if any, nitrogen from the 
growth of legumes, for the ])lants together with the bacteria feed 
first upon the combined nitrogen of the soil and only u])on atmos- 
})heric nitrogen when the soil nitrogen is exliaustcd. Soils may 
contain an abundance of combined organii; nitrogcMi which for some 
reason is not rendered available and still gain from the turning under 
of properly inoculated legumes. (4) ddie legume must be ])ro])crly 
inoculated; otherwise it obtains its nitrog<m as do other iflants. 
(5) The soil must be a suitable home for the legume and bacteria, 
that is, it must ha\ e a correct reaction, moisture, tcmp(Tatur(‘, and 
aeration for maximum nitrogen fixation. Ihmcc, wc can ex})cct 
to find a wide divergence in the results reportcMl by in\ cstigators. 

Frank in 18hl found tliat soil which had l)ecn gn'cn-mamircd with 
legumes showed an a]>preciable gain of nitrogen. /Vnd it is a well- 
known fact that, in sand culture exj)eriments in which the nitrogen 
of the soil is very low much more nitrogen may l)e remo\ (mI in the 
legume croj) than was found at first in the soil, andaftt'r the nanoval 
of the crop the soil may have gained in nitrogen. But what would 
hai)pen in normally productive soil? The most reliable data now 
existing are contributed by the Illinois hiX]R*rimcnt Station and 
indicate that two-thirds of the nitrogen in legumes grown on soils of 
normal productive power is obtained from the air. ddiese figures were 
obtained from the analysis of inoculated and iininoculated legumes 
frop like areas of normal soils and as a result of pot experiments. 
Computed by these data a four-ton alfalfa crop adds 132 pounds, a 


Crolein. T.onnlh of 

a .X {V2r>. leaf. 

IS. 89 21.27 

7.(i8 19 -tl 
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four-ton crop of clover adds 107 pounds, a four-ton crop of cowpen 
hay adds 115 pounds. 

These are the quantities of nitn)gen which n^ach th(^ soil under 
ideal conditions, but some may be lost under natural conditions 
with the drainage, and ])ossibly by other means. The New .Jersey 
Experiment Station has reported a gain of 200 pounds per acre where 
crimson clover has been grown, whereas the Rhode Island Experi- 
ment Station, as a result of pot culture experiments, reports a gain of 
400 pounds per acre yearly. This experiment extended over five 
years, and legumes were grown both in the summer and in the 
winter. The tops of the suimii(*r legumes (cowpeas and soybeans) 
were removed from the soil, while the winter legumes (vetch) were 
turned l)ack into the soil. 

Shutt, in pot and plat experiments extending over two years in 
whi(4i mammoth red clover was grown on soil and turned under, 
showed a gain of 179 pounds of nitrogen ])er acre to a de})th of 9 
inches in the pot experiments and 175 ]>ounds to a depth of 4 inches 
in the plat experiments. A light sandy loam with a sandy subsoil, 
when planted to clover continuously and reseeded every two years, 
doubled in nitrogen in ten years. This was a .> early gain of nitrogen 
of 50 pounds per acre. 

Soil Inoculation. 44ie early experiments demonstrated that 
legumes assimilate atmospheric nitrogen only when i)ro})crly inocu- 
lated. Since that time much has b(‘en written on soil inoculation. 
However, it is being found that in the majority of eases where the 
physical and chemical conditions of the soil are optimum, the 
ordinary legume bacteria are already present. This is especially 
true where that particular legume has been grown in that district 
for some time, ddic legume organism may have been in the virgin 
soil, having come from the native legume, or carried into the soil 
with manure or dust. When a new legume is being introduced into 
a district, one should see that the soil is ])roperly inoculated for the 
members of that group. Successful seed inoculation can be per- 
formed with fresh properly prepared artificial cultures, but in many 
cases this has not proved successful and in the majority of cases 
inoculation with soil known to be infected is to be preferred. The 
method suggested by the Illinois Experiment Station for large seeds, 
such as soybeans, is very satisfactory. The seeds are thoroughly 
moistened by a 10 jxjr cent, solution of glue and sufficient dry 
pulverized infected soil sifted on to absorb all of the moisture. The 
seed is shovelled over a few times. Such infected seed should, be 
planted very soon or else spread out to dry to prevent mould action. 
Neither infected seed nor soil should be long exposed to bright sun- 
shine, as this is very destructive to the bacteria. 

Where the old plants are to be inoculated a few hundred pounds 
of soil may be obtained from an old infected field spread on the new 
field and harrowed. 
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Dr. C. B. Lipman gives the following method for inoculating 
beans, and in a modified form it can be used for other legumes: 

“Method Involving the Use of One Commercial Culture.- Prepare 
one-half barrel full of good loam soil (1.50 i)ounds) with sufficient 
water to make about optimum moisture conditions. This soil can 
be kept in a shallow vat about a foot in depth or in some other 
convenient recci)tacle where it can be well aerated. Purchase one 
commercial culture from any of the commercial firms selling k'gume 
bacterial cultures, choosing a culture for beans of the variety desired. 
The amount usually sold in a cultun* for one acre is sufficient. 
Shake this u]) with a few quarts of boiled water. The shaking should 
be continued for about ten minutes to get all the bacteria in sus- 
pension. Pour this suspension all over the surface of the soil in the 
vat and add to the solution about one-ciuarter of a i)nuiid of ordinary 
sugar per one hundred pounds of soil used in the vat. ddiis should 
be distributed as evenly as possible through the soil and the latter 
I thoroughly mixed with a spade or hoc, thus distributing l)oth the 
sugar solution and the culture. After that the inocnlated soil is to 
be kept in a warm place like a kitchen or a warm stalde and the 
moisture content maintained at oj)timum until \ on are ready to use 
it for the inoculation of beans when they are planted. . It is well to 
allow a period of two or three months for such incubation. 

“At the end of the incubation ]XTiod or when getting ready to 
]>lant, shake up some of the inoculated soil with clean water for 
a few minutes as before to get a good sus}>ension of the bacteria. 
Pour enough of this suspension over the bean seed in large tanks 
or similar receptacles to wet the seed thoroughly, Init not enough 
to allow any excess of water. Then spread the bean seed out on a 
canvas in a thin layer in the shade. As soon as the seed is air-dry and 
will not stick, place in a planter and jdant immediately. In cases 
in which only small quantities of seed are to be ])lanted, the suspen- 
sion need not be made, but the inoculated soil in small (piantities 
can be mixed with the seed in the planter and allowed to dro]> with 
the beans as they arc droppe<l from the machine, thus introtiucing 
the bacteria into the soil with every seed, or nearly so. 

“Alternative Method. — Where it is not desirc'd (;Aen to purchase 
one commercial culture, inoculation can also be carried out entirely 
successfully by obtaining soil from a garden in which beans have 
grown successfully for some years and using that soil for making up 
the soil suspension or for mixing with the seed as above described. 
In other words, this garden soil, which contains the necessary bac- 
teria, will serve fully as well as the inoculated and incubated soil 
just described above. This is of course the simi>lcr method to those 
who have access to garden soil which has produced beans successlully. 
So\}s like this may also be obtained from old and more extensive 
bean fields, where successful bean-growing has been earned out. 



318 


SYMBIOTIC NITROGEN FIXATION 


For small plots, such soil can be directly harrowed into the soil to 
be inocidated after being spread (al)oiit one bushel ]>cr acre) in moist 
condition on a cloudy or rainy day.” 

Commercial Cultures. — Because inoculation l)\ means of soil from 
old fields may transmit fungus diseases, weed seed, and necessi- 
tates the transference of large ciuaiitities of soil numerous work(‘rs 
have endeavored to inoculate with ]>nre cultures, Flu' first 
attempt was made by Nobbe and lliltncr who ])laced on the markc't 
a ])reparation called “nitrogin.” Fight kinds Avere i)re])ared suit- 
able for the dili'ereiit legumes and were sent out on gelatin. Some 
of the results were satisfactory, but on the whole tlu* percentage ot 
failures was so gnait that the method was largely discredited. 

Later tlu* subj('et was investigated by Moor(‘ who considt'red th(' 
failures of Nobbe due to th(‘ fa(*t that he had grown his cultures on 
gelatin. This eontain(‘d combined nitrogen in abundance and the 
bacteria lost their virulence and no longer ])ossessed the power ot 
for(‘ing their way into th(‘ roots of leguminous plapts and ])rodueingv 
nodules. JMoore used a nitrogen-fr(‘e medium for th(‘ growth ot 
his (ultures, thus iiuavasing their nitrogen-fixing power. They 
were distributed on eotton. Later licpiid cultun's wt‘re used and 
since that time many different media, including even soil humus 
ha\'e bt'cn used by different workers with varying degrees ol 
success. As a result, at the ]>resent time some commercial culture s 
art' being ])ut u]K)n the market which are i)robably just as etlicient 
as are the natund-occurring soil organisms. IIowcAer, some work- 
ers claim to have developetl organisms possessing a high physio- 
logical efbciency. But after taking all the facts into etmsideration. 
one must conclude that at the present time the pure cultures have 
little advantage over the niitural-occurring orgafiisms. 

ui-:ki-:ui*]Nces. 

Lohnis: llandbuch flor rian(lwirf.s(!hjifflich('ii HiikliTioloKio- 
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Df^pfc. Agr., Off. Kxp. Stu. Bull. 194. 

Whiting: A Bioeheniic Study of Nitrogen in Certain Legumes, Illinois Lxi* 
Sta. Bull. 179. 

Burrill .and Hansen: Is Symbiosis Po.ssible lietween Legume Bacteria and Non 
legume Plants, Illinois Exp. Sta. Bull. 202. 
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('HOP ROTATION. 

Ekom time immemorial it has been eonsitlered a s('H‘-evi(leiit fact 
that where ero}) rotation is practised there is a hi^^^n'r and ladter 
yield. The farmers of ancient Rome understood that eroj)s fol- 
low'ing beans, ])eas and vetches were usually Ix'tter than those 
follow! nj? wheat or barley, but it was not until th(' last (juartc'r 
of the nint^teenth eentury that it was leanu'd that th(' h'guminous 
plants, w'ith the aid of associated baeteria, have tlu' ]K)wer of fec'ding 
on the free nitrogen of the air, whereas the noM-leguiniiious ])lants 
have not this ])ower and recpiire a su|>])ly of eoiiibiiu'd nitrogen. 
Today the l)est farmers f>raetise some system of ero]) rotjition. 
They have learned from ex])erienee that wh(‘re ero]> rotation is 
practised the eroj)s are bigger and better tinui under the single 
crop system. This is usually interj>r(‘ted as indicating that ero]) 
rotation has increased the fertility of the soil. AfaiiN farmers 
plant legumes for a number of years on run-down soil, iHaiiove the 
entire ero]) and feel confident that tluh* soil is In'cnming richer in 
plant-food. Let us examine some of the ri'snlts obtained in care- 
fully ])lanned experiments to see if this (*onchision is warranted by 
tlu? ex])erimental evidenc(‘. 

Essential Elements. Idants are com}>osed of ten elements, each 
one of which is absolutely essential to growth and seed formation. 
Only tw'o^carboJi and oxygen are secured from the air by all 
plants; only one hydrogen - from the water; tlu' other scwen are 
secured by all ])lants from the soil. One class ol ])lants the 
legumes may, under appro])riate eouditious, obtain their nitrogen 
from the air. Six elements phosphorus. ])otassium, magnesium, 
calcium, iron and sulphur— are obtained from tlu' soil l)y the growing 
plant. 

Element Added by Legumes.— The great majority of agricultural 
soils contain large quantities of all these elements, with the excep- 
tion of nitrogen, })hosphorus and potassium. 'Hu'se are used by 
the growing plant in larger quantiti(\s than are any ol the other 
elements which are obtained directly from the soil. In the great 
majority of soils nitrogen, j)ho.sj)horus, or }>otassium is the limiting 
element in erojj t)roduction. Therefore, our ])roblem resolves 
itself into the question: ('an crop rotation maintain these elements 
in the soil in quantities sufficient for maximum yields.^ Phosphorus 
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and potassiinn are obtained by the growing plant only from the 
soil; it is, therefore, self-evident that no sim])le system of ero]) 
rotation can maintain the jdiosphorus and potassium, since the 
(quantity within the soil must of necessity be reduced with each 
crop removed, the extent depending U])on the si)ecillc crop grown. 
Hence, nitrogen is the only element which we can hope to maintain 
by crop rotation. But tliis is the element which is found in the 
soil in smallest quantity and removed by most plants in larger 
quantities than the phos]>horus or potassium. Moreover, large* 
quantities of this element are at times lost from the soil by leach- 
ing, while the loss of the others is comparatively small. It is of 
the greatest importance, therefore, that this nitrogen be supidied 
to the soils in sufficient quantities for crop i)roduction and in the 
cheapest manner possible. The total quantity of these three ele- 
ments found in an acre-foot section of two Utah agricultural soils, 
assuming one acre-foot to weight 3,(3()(),()00 ])ounds, is given below; 

Grcnnville Farm (Utah), Nophi Fiirm (Utah), 
poiintLs per acre. pounds ijcr acre. 


Nitrogen 4,904 ."4,744 

Phosphorus 2,700 8,38S 

Potassium G0,.'5f)0 87,840 


Both soils contain an abundance of ])otassium, but the supply 
of i>hos])horus and nitrogen is much lower. A study of these 
results shows that a r)()-bushel crop of wheat each year for forty- 
nine years would remove the equivalent of the total quantity of 
nitrogen in the (Jrecnville soil to a dt'ptli of one foot, while a similar 
croj) on the Nephi farm would accomplish this in just thirty-seven 
years. It would, however, require a r)0-bushel crop one hundred 
and seventy years to remove the ]>hosi>horus • from the (ireenville 
soil and five hundred and twenty-live years to remove it from the 
Ne])hi soil. Of course a crop would never remove all the nitrogen 
or i3hosi)horus from a soil, but in actual practice the elements are 
slowly removed, the crop yields beng reduced eac'h year until 
a certain minimum is reached. When crops can no longer be 
l)roduced economically then the owner abandons his soil, moves 
on to virgin soils, or if it be in an old district he resorts to the 
expensive commercial fertilizer. The illustration is, however, suffi- 
ciently accurate to make it clear that the limiting fa(*tor, in so far 
as soil fertility is concerned in both of these soils, is the nitrogen. 
And it is true of the great majority of all soils that an increased 
nitrogen supply means an increased yield. This principle is one 
of the fundamentals of soil fertility. 

Nitrogen.— Nitrogen exists in the atmosphere in inexhaustible 
quantities, every square yard of land having seven tons of nitrogen 
lying over it, or if the quantity covering one acre could be combined 
into the nitrate it would be worth as a fertilizer $125,000,000. 
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Now it has been (leinoiistrated that tli(‘ le^iinies -peiis, beans, 
alfalfa, etc.— when properly infected hav(‘ the ]3o\ver of feeding- on 
this limitless supply of atmospheric nitro^nai, whih' the non-le^mmes 
-barley, wheat, oats, etc.— must dej)euil iipt)ii the supply within 
the soil, arid the farmer must take ailvantajj^e of this fact to sipyply 
nitrogen for his ero])s, as the eominercial fertilizer cannot be eco- 
nomically used for the pi’odiietion of most ero])s, as is sctu from the 
fact that the nitrogen in a r)()-l)ushel wheat crop would cost $11. 10, 
or 20 tons of sugar-beets $15.00, or I ton of alfalfa ha\' $7.50, it 
bought as a eommei*eial fertilizer. Hut will the legnnu' draw nitro- 
gen from the atmosphere while thei-e is a sup])ly in tin* soil, or will 
it follow the line of least re.sistanee and tui’ii only to the atmos])here 
when nitrogen is lacking in the soil? If. it does, it must first drain 
the soil of its valuable nitrogen and thus leav(‘ it no riehi'r than it 
was befoi’c the legume was grown ui>on the soil. Oliis is thi’ jirob- 
lem which this chapter is to answer. 

Rothamsted Rotation. ( Vo]) rotation has been })raetised for 
eenturies, but the oldest system on whieli we hav(' accurate inlor- 
ination is the one on Agdell Fiidd at the Hothainsted hN|>('rim(Mit 
Station, ddiis system was inaugurated in IShS and is still being 
carefully followed. It consists of a four-year rotation, as follows; 

First year: Swede turnips (rutabagas). 

S(‘eoiid year: Barley. 

Third year: (1ov(‘r or beans. 

Fourth year: Wheat. 

Still another system has been running jiarailel and similar to 
this, except that fallow v^dtivation is jiraeti.sed in the third yc'ar 
instead of growing a legume. The average yields lor tw('nty-\ (‘ar 
periods are given below, ^'hese systems are of sjieeial ijiterest to 
western farmers, for when we substitute sugar-beets lor the tnrniiis 
and alfalfa or jieas for the clover or beans, we have nearly an id(‘al 
rotation for our soils. 


Crop. 


ruriiips: 

Hoots (lbs.) , 
liuaves (lbs.) 

I Parley: 

Orain (bu.) . 

Htraw (lbs.) . 
Wljout: 

tiraiu (bu.) . 

^traw (lbs.) . 



T.fKtiiiic 



I'aHow. 


i Yiokl lat 
' liO yo.irs, 
1848 OS. 

Yiel.l 2 <l 
20 ycar.s, 
1808 - 88 . 

Yii-l.l .4.1 

20 voiir-s, 
18 .S.S- 08 . 

Yiold 1st. 
20 vwir.s, 
1848 ^-. 8 . 

Virl.l 2(1 
20 years, 
l,S(i8 .S.S, 

Yield .3d 
20 V ear's, 
18.88-08, 

,' 5264.0 

600.0 

1723.0 
447.0 i 

907.0 

212.0 1 

578.5 0 
621) . 0 

.3067.0 

.5.38.0 

2502.0 

4.58,0 

! 38.0 

237 . 3.0 

22 .,^) 
1496.0 ! 

13.7 

: 1172.0 j 

37 . 0 
2244.0 

22.8 

1480.0 

1 5 . 0 
1172.0 

1 20.6 

1 , 3169.0 

21.1 

2082.0 

24.3 ■ 
244 . 5.0 

.34.. 5 
3761.0 

23.2 

2420.0 

23.5 

2412.0 


21 
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Even where the lej^unie w;is used in the system there had Ix c n 
M decline in the yield. The yield of the turnips during the iirsl 
twenty years was 52()4 jxmnds, the second 1723, and the third 
only 9()7 pounds, thus showing a decrease of about five-sixths tlu' 
original in sixty years. 

The results with the barley are no Ix'tter, for thert' is a drop 
from the fair yield of 38 buslads jier acre during the first ])eriod to 
only 13.7 during the third. The wheat which followed the legume 
in the rotation, and hence occupied the most favored place in tin* 
system, shows a decrease of 0.3 bushels. Not cvcmi a good yield 
has been maintained for the clover, for from 18o() to 1874 tlu' 
average' yie'ld was 41()o ])ounds, while from 1882 to 19()() the yiedd 
was onl.N' 124() i>ounds. In reality we find no gn'ater decline in 
th(‘ yields where fallow cultivation is jiractised. But l)oth sys- 
tems strongly testify to the fact that rotation is not maintaining 
the })roductive jrowers of this soil. And the evidence is strong 
that the legume' gets no more nitrogen from the' air than that 
which is removed with the pdant. Othenvise', we should ex])ect 
better results in the legume system than in the fallow system. 

Nitrogen Obtained from Atmosphere by Legumes.- That the 
alfalfa, when grown on fertile soil and the cro]) removed, doc'S not 
increase the nitrogen of tlu' soil is seen from experiments con- 
ducted by Dr. IIoj>kins at the I niversity of Illinois. The ex]>eri- 
ments were made ])ossible by the fact that maii\ of the Illinois 
soils do not normally contain the symbiotic bacteria which mak(' 
it possible for the alfalfa to obtain nitrogi'ii from the air. This 
being the case, a field was taken which had not grown alfalfa and 
which did not contain the symbiotic nitrogen-gathering bacteria. 
This was i)lanted to alfalfa, only one-half of it being inoculated 
with the legume organism. 4V) some of the ])lots were added lime 
and phosphorus to make sure that these were not the limiting fac- 
tors. The results thus obtained are given below: 


Pounds in crop: 


Plot No. 

Treatment applied. 

Dry mutter. 

Nitrogen. 

Founds, nitrogen 
6xcd liy buctcriu. 

la 

None 

. 1180 

21.81 

|40.23 

lb 

Bacteria 

. 2.300 

62 . 04 

2a 

Liinc 

1,300 

20.20 

1 41.82 

2b 

Lime bacteria .... 

. 2570 

68.02 

.•Ja 

Lime phosphorus . 

1740 

35.40 

J 53.65 


Lime phosphorus bacteria 

. 3290 

89.05 


It is evident from these results that the alfalfa had obtaine<l 
from 40 to r);> pounds of nitrogen from the air, depending upon 
the treatment. There was slightly more than one-third as muck 
nitiOgen in the alfalfa crop from the uninoculated asin the inoculated 
Therefore, it is quite evident that the alfalfa in these plats hao 
obtained one-third of its nitrogen from the soil and two-thirds from 
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the air. Now, nitrogen is rectnired l)y the root for its growth as 
well as for the growth above the ground, and we hjiv(' in (‘ry rc'ason 
for believing that the root also would obtain it in the same })ro- 
])ortioii from air and soil as did the hay eroj). 

Distribution of Nitrogen in Legumes.- If we (‘xamine dry matter 
and total nitrogen oeeiirring in the roots and stalks of all'alfa, w(' 
should be able to decide whether more nitrogen is In'ing retunual 
to the soil in the roots and residues than is removed by the growing 
plants. 

The results for this comparison liav(‘ been obtained from Illinois 
and Delaware experiments and are tabidated Ix'low: 



TXv matter 

Niln>>?en 

Per eellt . of 


per Here, 

tier Here, 

1oi;il nitrogen 

legume. 

poiimls. 

piiiimis. 

in t oils. 

Sweet, clover; 

Tops 

. . . !)021t 

! 7.| \ 

7(i 

Roots iitid residues . 

. . . :57-t.s 

.51J 


Crimson clover: 

Tops 

. . . 4.512 

lO.l 1 

70 

Roots 

. . . 2022 

41 i 


Alfalfa: 

d'ops 

. . . 2207 

54 . N 1 

(iO 

Roots 

. . . 1 9.S() 

40.4 j 



With the elovt'r, three-fourths of the total nitrogisi is lound 
in the plant al)ove ground and only one-fourth in tlu* roots, whil(‘ 
alfalfa shows a greater ])roportion in the roots 10 i)er ciMit. Ihis 
rei)resents the ]>roportion for the first-year growth for allalfa and 
it is not likely that in the older plant this ])roj)ortion of tin' total 
nitrogen would be maintained in the roots, llcncc', it is (piite 
certain that if onl\' two-thirds of the total nitrogen <►! tlu' ])lant 
is obtained from the air the quantity returned to tlu' soil with the 
roots and plant residues does not exee(‘d that r('mo\(‘d from the 
soil by the growing plant, which would give no increase in soil 
nitrogen from the growing of a legume where tlu' (‘utirc cro]) is 
n'lnoved, and this even where the roots arc' allowc'd to ri'inain 
and decay. Yet we find some farmers who remove th(' roots trom 
the soil and even then t»xpect an increase' in their soil fc'rtility. 

Legumes Feed on Nitrates. — It is, therefore', rathc'r certain that 
the legume, where the crop is harvested, does not increase tlu' 
soil nitrogen of the fertile soil of Illinois and other soil fairly rich 
in nitrogen. But what will hapi)en on tlw* arid and st'ini-arid soil 
where nitrogen in many eases is the limiting eh'inent and is prc'sent 
in much smaller quantities than it is in the soils on which the 
cx])eriments considered have been eondueted. lvx])erim('nts which 
liave been eondueted at the ITah Kxperinu'iit Station during the 
last twelve years have demonstrated that even on soils ]X)6t in 
nitrogen the legume first feeds ui)on th(‘ eombined nitro|:en ()f the 
^nil. It is known that plant residues and other complex nitrogen 
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compouiuls foniui in the soil are transformed hy bacteria infd 
ammonia, and this in turn by anotln'r class of l)aeteria into nitric 
nitrogen, and it is mainly on this nitrogen that the growing ])laii( 
feeds, ddie (inantity of this found in the soil at different jjeriods 
under different ])lants has been measured at the Ttah Experiment 
Station and the average results for tw(‘lve ycxirs are given in tabular 
form l)elow, stated as pounds of nitric nitrogiai i)er acre to a de])th 


of six feet. 

Soiisoti. 

Crop. . — - — — Av('ra«c. 

SpriiiK. Miilmniiiiior. Fall. 

Alfalfa 22.3 IT,. S' 32. S 23. C, 

Oats 3r).7 14.1 20. () 23.3 

Com 24. S 18.0 22.0 21.0 

Potatoes 81.1 00.8 54.2 05.3 

Fallow 81.5 53.0 02.0 65.9 


The legume, alfalfa, removes the nitric nitrogen from the soil 
eipially as fast as do the non-legumes. ^Tt this soil was well- 
inoculated with th\' symbiotic bacteria whi(‘h undoubtedly assisted 
the alfalfa in obtaining free nitrogen from the ;iir whi'ii needed, but 
not until the soluble nitrogen had been drained from the soil to 
its full extent, as shown by the fact that alfalfa soil never contains 
more than does oat and corn land, and is very poor as compared 
with potato and fallow soil. 

Nitrification in Soils.- -It may be argued that the small quantity 
of nitric nitrogen in the alfalfa soil is due to a lack of its formation, 
as it is not needed by the legume, and hence not formed. This 
conclusion, however, is not warranted by the facts in the case, as 
may be seen from the results obtained wheae nitrification was 
measured. These also are the average results extending over a 
number of years and obtained at the I tidi Kx])eriment Station. 


MilligriiiiiH, nitric nitrof^cn produced 
in 1()() )!iin.s. of soil in tvvcnily-oiK! da.vs. 

Crop. — — — ^ Avcraizc. 

.Spring. Mirlsunuuer. Fall. 

Alfalfa 3.15 7.48 3.08 4.50 

OatH .2.40 4.00 3.00 3.13 

(’orn . . . . . .2.18 3.50 1.48 2 . .38 

Polatoi'.s . . ... 3.00 15.55 5.00 8.04 

Fallow 1.30 5.50 2.48 3.00 


Here the quantity of soluble nitrogen produced in the alfalt; 
soil is greater than that produced iu either the oat, corn, or fallo'^ 
soil. There is no doubt that this is one reason why an increase 
yield is obtained the year following the plowing up of legumes for tie 
increased action also occurs the next year after an alfalfa field 
planted to some other crop. This is due to the stimulation ' 
bacterial organisms of the soil by the alfalfa plant so that tin 
make available faster the nitrogen of the soil, but this only depict* 
the soil of its nitrogen more readily than the non-legume, as it * 
the nitrogen already combined in the soil on which the nitrifyiii 
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organisms act. Ilcnce, we must conclude that airall'a not only 
fcerls closer on the soluble nitrates of tlu^ soil, but it also inak(‘s a 
o-reater drain upon the insoluble nitrot^eu of th(‘ soil by increasing 
its nitrifying powers and would therefore (h‘])lctc th(‘ soil if tlu* 
entire crop be removed, more readily than wonld other cro[)s a 
conclusion wdiich is borne out by the dinrt analysis of the soil. 

The analysis of a, great number of I tah soils which ha\’(‘ grown 
various crops for a number of years, some of them having betai 
into alfalfa or wheat for u]n\ard of thirty years rev('al('d the 
fact that alnlLost invariably th(‘ alfalfa soil contained less total 
nitrogen than did the wluait soil. The aviM'age for a grc'at number 
of determinations made from alfalfa soils was 72;)2 i)ounds pea* 
acre of total nitrogen, while the average for a great numb(‘r of 
wheat soils was 73t)S jmhuhIs. ^diese are av(‘rage results from a great 
numl)er of determinations made on adjoining alfalfa and wlaait soil 
and they clearly indicate that in ordinary farm ])ractice tlu' alfalfa 
is making just as heavy a drain upon the soil nitrogcai as is the 
wheat. 

Hence, from a consideration of the yields obtaiiual in cro]) rota- 
tion, the relative cjuantities of nitrogen obtained fn)in the atinos- 
phere and the soil i)y th(‘ alfalfa, the feeding and stimulating ellect 
of the alfalfa U})on nitrification, and finally the actual (piantitx- of 
total nitrogen remaining in the soil aft(‘r Avheat and legumes, we 
must conclude that the legume does not increase tiu' nitrogen of 
a common agricultural soil — even in the arid region when' the 
nitrogen is low when the entire crop is removt'd. 

This conclusion does not, however, ni('an that crop rotation 
should not be practised, for there are many reasons wh>' ero]) rota- 
tion commends itself to the careful farmer, but it must not l)e used 
and the legume removed with the intention of maintaining soil 
fertility. This may appear to be an unfortunate conclusion, but 
it is just the revx'rse, a!ul if its teachings be heeded it means a 
fertile soil and an economic gain to the farmer Irom the system «)f 
farming wliich it recpiires him to adopt. 

How to Maintain Soil Nitropn.- There are two ])racticable 
methods of maintaining the nitrogen content of tin' soil. (1) 
1‘lanning systems of crop rotations with legumes, the legumes 
l>elng ])lowed under and allowed to (h'cay, thus furnishing nitrogen 
to tile succee<ling crop; (2) practising a combined system of crop 
rotation and livestock farming. ^ 

Three tons of alfalfa contain 150 pounds of nitrogen, all ()t 
which we could assume came from the atmosphere. iVssunnng 
the quantity found in the roots as coming from the soil, this the 
eciuivalent of the nitrogen found in the grain and straw of 7.) 
kushels of wheat. If the alfalfa is plowed undi’r some of the 
nitrogen would be lost to the growing plant in the processes of 
decay and leaching, but that the total nitrogen of the soil may 
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iictiially be increased by the tuniiiijj; under of the legume is certain 
from field exi)erimeuts. 

Tlie Dominion of Canada Kx])eriment Stations grew inammolh 
clover for two snccc'ssive seasons on a soil very low in nitrogen. 
The two cuttings of mammoth clover with all the residut's were 
turned under each year with the result that the soil gained as an 
average 177 ])onnds per acre of total nitrogen wliich is tlie quantitx 
of nitrog(‘n found in three dOdnishel eroi)s of wheat, provided the 
straw was returned to the soil, as two tons of this contains 20 
pounds of nitrogXMi. On the other hand, work on the soil of the 
I tah Xephi Experinn'nt Farm, with a rotation of wheat and peas 
where the ])eas w(a*e i)lowed under, showed a gain in total nitrog(‘n 
of 240 pouiKls in four y(‘ars. That is, in addition to furnishing tlu' 
small (piantit>' of nitrogen retpiired by the wheat crop, the })eas 
had added to the soil an average of 00 pounds of nitrogen per year. 

OIk* second method ot maintaining the nitrogen and organic 
matter of the soil -th(' combined rotation and livestock method — 
is the more ])ra(‘tical, and if systematically practised will not only 
maintain the nitrogen of the soil but Avill i)rove of great economic 
value to th(‘ individual following it. For it consists of a rotation 
in which th(‘ legume jdays a prominent part. The legume to l)e 
f(‘d and all the manure returned to the soil, Avhich would mean th(' 
selling from the farm of the hay crop in the form of butter, milk or 
l)eef which carries from the soil only a fraction of the nitrogen 
stored up b\ the legume. Mon'over, it brings for the producer 
much gr(‘ater returns than does the s;vstem in which the legume is 
plowed under. 

It must, however, be remembered in this system that only three- 
fourths of the total nitrogen of the feed is recovered in the dung 
and urine. So that in place of three tons of alfalfa adding loO 
j)ounds of nitrogen to the soil from the air, it would add only 120 
j)ounds, and this is where all of the li(piirl and solid excrements are 
collecte<l and returned to the soil. But where the alfalfa is to be 
fed and the manure returned to the soil, the legume can occui)y 
a much longer period in the rotation and that with greater economy 
than where the legume is to be plowed under directly. 

Hence, we find that if these principles which have been estab- 
lished for soils even low in nitrogen be systematically ap])lied to 
the soil, it will result in greater revenue from an increased live- 
stock industry and will maintain the soil rich in nitrogen and 
organic matter in place of depleting it of its stored-up nitrogen, 
as is so often the case with the present methods. 
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The plant residues whicli find their way into flu* soil contain, 
in addition to ])rotein, non-j)rotein coinj)onnds. 'rh('S(' iire decom- 
posed by inicTobr^anisms, tlius liberating: th(‘ encTgy and returning 
the carbon to the atinosidiere so that it is a^^ain available to jdaiits. 
The reactions occurring in this pro(‘ess art* ])robably the reverse 
of those o(*cnrrin^ in the fixation of carbon by the ])lant. 


■(X)2 + H,() 

j 

A'o, 1 

h IIX)! 

1 

1 

t 

sugars 

i 

energy ... .. j 

^ , Mieroorgaiii.sms 

absorhed 

sngiirs 

i I 

starches 

i I 

colluloso J 

j St ill 

1 t 

rrtl 

i 

[ celluio.se J 


Cellulose.— -The term cellulose does not desijj:nat(^ a single indi- 
vidual compound but undoubte<lIy a whole sc'ries of com])omids. 
All of these are extremely comidex and ])ass ji^radually Irom the 
tender herni- or pseudo-cellulose of the youni,^ j)iant, which is 
(‘omj)aratively solid)le in acids and alkabu's, to the more com])lex 
and very resistant lignocelluloses. All are torms of c(‘lIuIose, Imt 
their pro])erties are exceedinj^ly diffc'nmt. d'he first may serve as 
food even to man, but the latter is hij^hly resistant to all the common 
solvents. It is, however, dissolved by a few s}H‘cial sohimts, such 
as amnioniacal solutions of co])p(‘r oxid, carbon bisul])hid in sodium 
hydroxid, aiul a few others. Cc'llulosc is nitro^cn-lrce and is 
nuide up of carbon, hydrogen, and oxygen having tlu' einjarical 
formula, (C6Hio()5)n- Cii hydrolysis, it yields various sugars, 
depending upon its source, as glucose, mannose or xylose. In 
the process of hydrolysis, there results certain intx'rmediate 
dextrin bodies, a study of which has shown cellulos(‘ to b(* ex- 
treinel}^ complex. Besides these there are certain gums, ])ectins, 
hgnins and similar compounds, which are, nearly related to cellu- 
lose and which have not been differentiated from the true cellulose 
by many investigators. The results are that the ])ower of decom- 
posing cellulose has been attributed to certain organisms but a 
careful study of the subject has revealed later that the organism 
decomposed sonie of the related compounds but h'ft cellidose 
unaltered. 

Early Observations. — That carbon ))asses through a definite cycle 
from the solid organic tissues of plants to the giiseous form of the 
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atmosphere has been known for a long time, but it was nsnally 
thonglit of as passing from the solid eom]>lcx(‘s to tlie gaseous 
eompoimds through its direct combination with oxygen at a high 
temperature. In fact, this was considered as being tlu' only 
method until Pasteur jxnnted out that there were otlier means. 
He considered it as being brought about by molds. Later Mit- 
seherlich (ISoO) observed that when moist ]>otatoes decay the et‘ll 
wall is dissolved and the starch gradually^ ])asses out. ddiis h(‘ 
thouglit to be due to a group of organisms, but nothing was doin' 
to show that it was the work of any s])eci('s until aliout hfti'c'ii 
years lat(T when Trecul isolated an organism which had the power 
of decomposing young iilant tissues and which was stained blue 
by iodine, d'o this organism he gave the name amylobaeter. 
The organism he claimed had the power of decomjxising eellnlose 
with the formation of butyric a^id, carbon dioxid, and hydrogen. 
As all of his work, however, was carried on with ]>lant tissues, it 
leaves a (juestion as to whether the amylobaeter had actually 
de(‘omposed cellulose or only some of the nearly relatt'd com]K)unds. 

The deeom])osition of cellulose in manure was studied by Dehe- 
rain, (hiyon, Herbert and Popoff. The last investigator was the 
first to recognize' the similarity between the method of production 
of methane in se'wagc aiul the intestines of animals. lb' studied 
the action which took place' when a me'elium containing Swedish 
filter ])aper was seeeh'd with senvage, anel e)btaincel a large volume 
e)f gas, an analysis of which sheewcel it to cemsist eif carbe)n elioxiel, 
methane and hyelreigen. The first twe) lie theiught to be eluc te) 
a cclluleisc ferment, but the latter to a butyrie* aciel ferment. At 
the end of the ine ubatie)!! ]jeriod, there was a gummy mass in the 
fermentation flasks. 

Peer a long time after this the attentie)u of the i[ivestigators 
sceiiu'd to l)e directed mainly to a (piantitative study of the result- 
ing products of fermentation. '^Phis is especially true with the 
work of Ta])peiner and Hoppe-Seyler. The former, with the idea 
of determining the bacterial changes which take place normally^ in 
the intestinal canal, iiitroduced finely divided cotton or pai)er into 
flasks containing a 1 i)er cent, neutral solution of beef extract. 
The flasks and contents were sterilized and then inoculated with 
small (piantities of pancreatic juice and incubated at 35° (h They 
were so arranged that the gases could be collected and analy zed. 
The resulting product consisted of acetic acid, isobutyrie acid, 
acetaldehy (1, methane and carbon dioxid. The last two were 
in the ratio of I to 7.2 at the beginning of the process and 1 to 3.4 
at the close. In another set of exj)eriments he used an alkaline 
medium and obtained the same qualitative but difi'erent quanti- 
tative results, there being a large amount of hydrogen evolved in 
the alkaline medium. 
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From Ills work, he coneliided that (‘(‘Ihilose undc'rj^MM's a I'er- 
meiitation in the first stomaeh of ruminants and in the alimentary 
eanal of all herbivora. In later work he tried to decide wlietla'r 
this fermentation was due to an orjjjanized or to an nnor^aniz(Ml 
ferment. This he did by ino<*nlatin^^ snital)Ie llasks with the 
contents of th(‘ alinumtary eanal of oxen. Tlu‘ Hasks W('re divided 
into three sets and treated as follows: (1) Heated, (2) trt'jited 
with antisepties (thymol and the like) and (3) nntreat(‘d. lu'r- 
inentation oeenrred only in the last S(‘t from wliieh lu' (‘onelnded 
that it was due to baetei'ial action. Frotn his work in ^(‘lu'ral 
he decided that bacteria have th(' ])ow<‘r of <lecom])osin^^ c(‘llnlose 
with the formation of carbon dioxid and methane and that this 
])roeess plays a larjj;(‘ part in the dij^estivc process(‘s of herbivorons 
animals. 

Ifoppe-Seyler, who considered the fermentation ])rocess mainly 
from the changes which take place when cellnlose is decomposed 
in soil or beneath water, commenced his ('xperiments by collecting 
and analyzing the gases given off from soils and swamps. These 
he found to consist mainly of carhon dioxid and inethaiK'. Later 
he carried out laboratory determinations by ])lacing 2.“). 773) grains 
of filter paper into 1000 c.c. flasks containing 700 c.c. of water and 
inoenlated with mud. They were so arranged that the gaseous 
products were collected over nna-enry. He incnbat(Ml them at 
room tem})eratnre for four years. During the first year there' was 
considerable gas evolved, but the evolution gradually became 
slower until at the end of four years the evolution of gas had i)raeti- 
eally ceased. An analysis showed that b') grams of t he c('llnlose had 
been decomposed with the formation mainly of carbon dioxid 
and methane. He was unable to find any of the true sugars, 
although he thought it possible that there were some of the dextrin 
.compounds in the solution. When air was ('xcluded he found 
that there was a greater j)roduction of methaiu' and a smaller one 
of carbon dioxid. From his work he considered the reaction pro- 
ceeded in two stages: First, a hydration of the cellulose with 
the formation of a hexosc according to the eipiation, f'JlioD..+ 
TlA) CgHi 20(5. From the hexose, carhon dioxid and methane 
was formed ((AH 12 O 6 -> 3(X)2 + dLIL), nr })erhai)s acetic acid 
was an intermediate product and then carbon dioxid and methane 
were formed according to the equation, (’HaTOOH + f IL. 

In lcS89 Sehlbsing jniblished his quantitative results of the 
investigation on the decay of manure. He collected tlie gases 
given off in the course of two months in the decay of manure and 
analyzed them. He concluded that the change was similar to 
alcoholic fermentation. 

Three years later the work of Herbert appeared. He inoculated 
7) per cent, solutions of potassium carbonate or ammonium car- 
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boiiate contaiiiiiig finely divided straw with manure. At the end 
of three months, when the evolution of carbon dioxid and methane 
had nearly ceased, he examined the residue with the following 
results: 


At bcKinniiiK At end 

Substance in the straw. of experiment. of process. boss. 

CelluW 14.12 n.l8 50.2 

Wood Kvnu 10.00 4.07 53.3 

Vasculoso 14.01 11.75 10.1 


Deherain studied the substances given oil in the decomposition 
of manure with tin* following results: 

Top layer of Middle of Bottom of 

manure heap, manure heap, inanure heap, 

per cent. per ecuit. per cent. 


('nrhoii dioxid 21.0 .Jl.O 37.1 

OxvKon 0.0 0.0 0.0 

Methane 0.0 33.3 58.0 

Nitrogen 78.4 35.5 4.9 


In the layers in which there Avas considerable oxygem, as imiy 
be seen, the amount of comiuistible gas given olV was zero, but m 
the middle and lower layers of the manure heap the resulting 
methane Avas over half of the gaseous jirodnct. Similar results 
were obtained by (hiyon, who studied the changes rc'sulting with 
a limited and free access of air and found that methane wtis obtained 
in much larger cjuantities when the air had been excluded, hrom 
this, he concluded that metham^ fermentation is dm* to an anaerobic 
organism. 

Preceding this Avork Avas that of van Senus, who found that 
cotton and plant tissues Avere decomposed bA' microcirganisms Avith 
the formation of carbon dioxid, methane, h\'drogen, liutyrie acid, 
acetic acid, alcohol, aldehyd and a trace of the higher fatty adds, 
lie thought the iiu‘thane Avas formed through tlu^ reduetion of 
acetic acid by means of hydrogen. He considered the action as 
being brought about by two organisms— one the amylobacter of 
Trechl, and another very small bacillus which he had isolated from 
the alimentary canal of a rabbit. He considered that they acted 
by means of an excreted enzyme, which he precipitated by means 
of alcohol and found an aqueous solution of the same had the 
power of decomposing cellulose. i • r 

Work of Omelianski.—As may be seen from the preceding brief 
summary of the work, practically all that had been done on the 
subject prior to 1895 was directed at a study of the chemistry of 
the process and little had been done in trying to isolate in 
pure cultures the sixicifie organism or organisms which had the 
property of decomposing cellulose. It was at this point that the 
work was taken up by Omelianski, who studied very carefully the 
chemical and bacteriological phases of cellulose fermentation. 
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In his work, the followint; inediiiiii was used: 

Potassium i)hosph:ito I jrm. 

Magnesium sulphate 1 “ 

Ammonium ,suli)hato 1 “ 

Sodium clilorid tiac(! 

Distillctl water 1000 e.c. 


In some eases he replaced the aininoiiium salt with ().') per cent. 
as])aragin, 1 jxa* cent, jteptone, or O.o jmm* cent, heef extract. I'he 
solntions were placed in flasks containinji; filter paper and then 
inoeulated. Inasmuch as th(‘ inenhation ])eri()d of eelhilost' fer- 
mentation is long and variable, he found it bt'st to seed with con- 
siderable of the organism. Ordinarily, this wjis done by tidving 
a small ])iece of the (h'composing pajier from an old culture. 

Soon after inoculation there was observed a slight turbidity 
in the flasks, ddien the j>aj>er thicken(‘<l ami assume<l a d(a*ay(‘d 
a])pearance. It was covered with little speckrxl places wlao’c it 
had b('en decomposed by the organisms. 'I'liis latter appearance 
varied; at times the liohxs were large and few, and i\t other tiim's 
they were small and very nunuM-ons. At still otlu'r tinu's the 
pa])er seeimal to thicken and then to fall to ])ieces. At th(‘ (“iid of 
th(^ process there remained a residue (‘utirc'ly <liller(‘nt from the 
original ])aper. Jn old cultures tin* white ap])earanee of the ])a))er 
had disap])eared and it had takiai on a yellowisli brown color, 
which often ap])eared even in the surrounding solution. Tin' 
gases given off had the odor of (lecayed cheese. At the height of 
the process particles of filt(‘r ]>ap(‘r wcmx* earric'd to the surface ol 
the liquid by tlie gas. The above* eieseription a])plies to the ]>roe(‘Ss 
as brought about l)y both the hydrogen and im'tliaiu* organ- 
isms which Omelianski suece(*ded in isolating in ])ure culture's by 
the method e)f re'pe'ateal lu'ating (7A° for fifte'e*n minute's), which 
is base'd on a diflerene'c in the life history eef the two organisms. 
The methane fermentatie)n eu-ganism <le'velo])s more rai)i(lly than 
the other variety anel gains the su])remacy in the e'arly stage's ()f 
the process. If he^at l)e ap])lieMl at this stage* the more* slowl\- ge'rmi- 
nating si)ore‘s e)f the hydrogen-fernu'iiting organism, l)eing in a 
resistant stage, survive. 

Morphology and Physiology. A mie-roscojae' examination of the 
hyelre)gen ferment reveals the tolle)wing: In the young culture' the 
bae'illus is about 0.5 n in width anel from 4 te) S ^ in length. In 
olel cultures they are freun 10 te) 15 fi in length. I hey never occur 
linkeei together in chains but ap]>ear as slightly be'iit reals. In 
still older cultures thev^ take the elrumstick form which gradually 
develops into a re)unel spore about 1.5 n in diameter. I hey are 
reaelily stained by the anilin elyes. In old cultures they give the 
characteristic colors for the spore anel surrounding sla'afli with 
earbol-fuchsin and methylene blue. They are not staineel blue 
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with iodin, and consecjnently an^ different from the amvlohacter 
of Trecul. No ^o’owth occurs usually in the ordinary cultural 
nu‘dia, though ()melianski has observed on some occasions very 
minute translucent colonies on potatoes. 

This investij^ator carried out (piantitative determinations of the 
substances yielded by the organism. It was doiu‘ in flasks eon- 
taining 300 c.c. of a mineral salt solution containing calcium car- 
bonate and Swedish filter ])aper. The flasks were inoculated 
with th(‘ organism and iiiculiated for thirteen months. On analysis 
th(‘ following results were obtained: 

( ’(‘llulosc at. of profess 3.47Ui 

(’.■lliiloso at cihI (A i>erio(l . . 0.1272 

Dcfompo.sed :i.H471 

('hief among the fatty acids yielded were acetic, butyric, and 
valeric acid. Besides these there were trac-es of the higher acids 
found. 

The methane fermentation, according to Omclianski, takes 
place if a fhisk (ontaining filter paper, lime and a mineral neutral 
solution be inoculatc‘(l with miicl or fresh horse manure and kept 
under anaeroliic conditions at a temperature of from 3.)° to .>7° ( . 
Aftco’ a short time a careful (‘xamination of the filter ])ai)er revealed 
numerous bacilli. By successive subeulturing, while the methane 
fermentation was at its height, the hydrogen ferment was soon 
(Tminatcd. ddie methane organi.sm is rod-shaped, slightly more 
bent than the hydrogen ferment. It never develot>s in cliains, 
but in old cultures assumes the typical drumstick form with a spore 
in the end. The organism is 0.4 jjl in width and o ^ in length. It 
is not stained blue' by iodine and henc*e is different from the amylo- 
bacter of Trec fil. From this it may be seen that both the vegetative 
cell and s]K)re are slightly smaller than the hydrogen ferment. 
Though mori)hologically very similar, physiologically they are 
very differemt, since one yielded hydrogen and the otheu* methane. 
This is shown by the cpiantitative studies of Omclianski. They 
were conducted in 500 c.c. flasks containing 2.0()8r) gms. of Swedish 
filter i)aper, 4.9482 gms. of calcium carbonate, and a 0.1 per cent, 
solution of ammonium sulphate. They were inocuhlted with 0.013 
gm. of filter paj)er from an old culture. Over one month elai)sed 
before fermentation became perceptible and even then it was very 
slow as is shown by the fact that the gaseous material evolved 
never exceeded 1.1 c*.c. in twenty-four liours, and at the end of 
four and a half months had dropped to 0.01 c‘.e. for twenty-four 
hours. The resulting gas was mainly carbon dioxid an(l methane, 
0.7146 grn. of the carbon dioxid and 0.1372 gm. of the methane. 
In the flask there remained only a small amount of cellulose but 


IlesultiiiK pnitlucts. 

Fill t.y acids 2.2402 

(’arhini <lif)xid 0.0722 

Hydrogen 0.0128 
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a lar^e amount of acetic and butyric acids. In fact over ouc-half 
of the decomposed cellulose had been transformed into these acids. 

Later Work on Cellulose Fermentation. - La tiu* work which has 
been carried out by van Iterson has shown that theri* an* certain 
of the non-sporeformiuK, denitrifying organisms which have the 
power of decom|)osing cellulose. In the presence' of nitrates, the 
chief ])roducts are nitrogen and (*arbon elioxid. According to this 
investigator, the decomposition is brcaight about by Ihicillus ferni- 
(jincus, whif'h is the chief cause of the brown coher of humus due 
to a pigment formed from cellulose by this organism. 

llecently Ixellermann and IVb'Hcth have (jiK'stioiu'd the work of 
Omelianski. While they admit the great im])ortance of these 
organisms in the fornnition of humus in agricultural soils, they 
claim that the organisms described by Omelianski wen' not pure 
cultures and furthermore that cellulose is d('com])osed under 
ath’obic conditions, d'hese investigators have isolated thirty-six 
species from various source's. These were found to Ix' much more 
active than the ones describe<l, by Omelianski. Tlu'y were all rod- 
shaped organisms varying in length from O.N to WS) ix. Involution 
forms liave })een observ('d for only three s]>eci('s. hiv(‘ spc'cies 
have been found to i)roduce s])orcs. Twenty-S('ven sjjccii's are 
motile; of these', seven are pseudomonas and twenty are bacilli. 
A few are facultative anaerobes. The optimum temperature lies 
between 2S° and 33° (k, but they grow \Vell from 20° to 2)7.5° (k 
ddiey grow readily on solid media such as Im'cI agar, gelatin, starch 
and ])otato. Ninetct'ii s|)ecies rapiefy gelatin. 3 h('y ra])idly 
decom])ose cellulose and other carbohydrates with the production 
of acids, but none of the organisms so far studied ])roduce a gas. 

Function. It may be well to call attention to the gre;it part 
taken by this class of organisms in returning carlxm to the atmos- 
phere. This is esj>ecially the ease with the material which passes 
off in tlie sewage. In septic tanks there ar<^ millions of these 
organisms busy changing the most resistant organic nnittcr into 
gaseous pnxlucts, and many large (‘ities ttxlay d(*]x'nd u])on this 
for the dis}X)sal of their sewage. Organisms also take a gn'at part 
in the purification of a city’s water .su]>])ly. 3 hey also take part 

in the formation of soil humus, as was pointed out by Omelianski 
W'hen he gave the general reaction, 2( olfioOs ^ 5( (L + o( IL T 2( , 
and he says, “It is possible that a general reaction of this sort 
forms the basis of the universal ])r(X‘es.ses of humification, tlnit is, 
the gradual transformation of organi(r substances into a mixture 
of brown and black substances with a high content of carbon, such 
as is characteristic of fossil coals. But whatevx'r the mechanism 
of these transformations, the active ])articipation of microorgan- 
isms in the latter cannot be denied. 

The cellulose ferments break the plant residues into less com- 
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plex organic c()!n])()un(is whic*h are ferniented h.v other organisms 
with the generation of large (piantities of organic acids. 'Phese 
would react with the minerals of the soil rendering them available. 
This is ^'ery likely the canse of the good results obtained from raw 
rock ])hosphat(‘ and stable manure on phosphorns-]>oor soil. 

* fermentation of the cellulose yields acids which naider soluble 
the i>hosphorns. This formation of acids may at times, howcwer, 
become c‘xcessive, giving rise to the sour hnmns of moors and 
heaths. 

Tt is well known that the fermentation j)rocesses in the soil 
resulting in the decom])osition of organic* matter may give rise to 
hirge cpiantities of carbon dioxid, methane* and hvclrogen. The 
hydrogc*!! and methane do not all ]>ass into the atmos])her(‘, but 
acc/ording to the rc'searches of rec*ent investigators furnish c'liergy 
to niimc'rous soil organisms, the importanc*e of which remains 
almost wholly for future* workers te) elevele)]). ddie* first we)rk e)n 
this subject was eloiic by Immeiieleirlf, whe) in lShl2 founel that 
hydre)gen and oxygen may be made te) unite* under the influenc’C e)f 
soil. He fe)unel that the* e>xidatie)n e)f hydre)gc*n was l)r()Ught about 
only l)y normal se)il and not by soil ])revie)usly treated with c’hloro- 
form vapor, ddiis e)bsc“r\ atie)n remained nnnotic“e*d until recently 
when twe) papers a])])c*are'el one by Kaserer anel the* e)ther by 
Solmgen whicT tlirow e*e)nsiele'rable* light e)n this phase of carbe)n 
and hyeire)gen transfe)rmat.ie)n. Thc*y nseel an iue)rganie* se)hition 
containing elipotassium ])he)Sphate, ammonium edilorid, miigne*sium 
sulphate, se)elium bie*arbonate, anel a trace e)f ferrie* e*hle)riel. 44iis, 
they ine)culated with a small cjuantit\' of seiil and confiueel in 
an atme)sphere e*onsisting e)f a mixture* e)f hydre)gen, e)xygc*n anel 
carbon elie)xiel. (Irowth te)e)k ])lace* anel the hyelre)gen elisap])eareel. 
The presence of a small cpiantity of e*arbe)n elioxid sc*emc‘el to be 
necessary fe)r the elevele)pmc'nt e)f the e)rganisms, anel it we)ulel 
appear that like the nitrifying bae’teria they c*an produe’e l)acterial 
protein in ine)rganic se)h]tie)ns, deriving thc*ir carbon from c*arbe)n 
dioxid. This re*actie)n, accoreling to Lipman, is of great signific*aric*e 
in agric*ultiire, for a great le).ss of energy is preventcxl by the bae*terial 
oxiclation of hydre)gen formed in the ele(*])er lavers e)f the se)il by 
anaerobic ferments. It also ])artly eounterac*t.s the* rapid minerali- 
zatie)n of e)rganie* materials, in that it leads to the fe)rmatie)n e)f c*e)m- 
plex compounds from e*arbon dioxid, hydrogen anel e)xygen. 

Kaserer anel Solmgen also obtained e)rganisms capable of utilizing 
methane as the sole source e)f energy in their life process. The 
latter investigator sc*e*nreel pure culture of an e)rganism which he 
nameel Barillus rnrtJianicm. When grown in inorganic se)hitie)ns 
ce)nfihc*el in an atme)spliere e)f e)ne-thirel methane and twe)-thirels 
air, it caused the elisapi)earance e)f the methane with the production 
of c'onsiderable cpiantities gf organic material. 
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The cellulose fermei\ts also perform other direct functions in 
the soil, as for instance, tin' liheratin}>: of ])Iant food which is hound 
up in plant r(‘sidncs. Ileinze has very recently ascribed to bacterial 
activities much of the l)enefits obtaiia'd from summer fallowing. 
In quantitative studies he found them to be more numerous in 
fallow soil than in cro])])ed soil, and he thinks it to be due to their 
activities in rendering the cellulose more suitable iis a carbon 
supply for the Azotohader that causers the increase of soil nitrogen 
in fallow land noted by a number of recent workia-s. One of the 
more im])ortant probhnns of today in soil bacteriology is the n'la- 
tionship between this class of organisms and otlu'r iin])ortant soil 
organisms, especially the nitrifiers and the nitrogen fixers. 
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BA( TEIUA IN AIR. 

Bactkkia rec^iiire fur tlieir growth moistun', food, a siiital)U; 
temperature jiiul usually the ahseiiee of dir(‘et sunlight. The 
moisture eouditions of the atmosphere at times may he optimum 
for the growth and rejii’oduetion of haeteria, l)ut none of the other 
eouditions are. lienee, haeteria do not multiply and grow in th(' 
atmos])h('re as the\- do in water, soil and milk. Tliese suhstanees 
may and do have a natural haeterial flora, hut we can not consider 
the air as having a, definite one, for the numher and kind eoutiuually 
vary with many factors and there are seare(‘ly two plaees having 
the sjime nuinhta* and species of microorganisms. 

How Bacteria Enter Air. The earth is surrounded hy the atmos- 
l)here, which when “looked at as a whole, its ealms are exceptional, 
and its movements an* the rule. We may find the gentle hree/e, 
th(* cyclonic wind or the restless tornado, hut alwav s activt*. Theses 
movements do not confine themselves to horizontal paths, hut the 
gases rise and plunge, pursue broad curves and narrow s})irals, and 
would ])resent^to an eye that could see them from above -a 
tumult like the sea in storm.” In all this activity it is ])icking 
up hits of sand, organic matter and oftentimes even water, ddiese 
contain inicnx'irganisms which are carried into the air and may 
subside with the ])articl(‘ to which they adhere or l)eeome free and 
float about for a period. 

As the waters of the ocean, lakes, rivers and smaller streams heat 
against some harri(*r the fine spray so formed carries into the air 
bacteria, as do also the hurrying feet and rattling wheels in a 
c-rowded street. Furthermore, individuals speaking or coughing 
force from the mouth numerous bacteria which for a time help to 
make up the microbial inhabitants of the atmosphere. 

Number and Kind.- The number and kind of organisms found 
in the air an* governed largely by the locality. They are most 
])lentiful in densely populated areas and within buildings such as 
churches, theaters and other places where a large number of ])eople 
congregate. Micpiel found that as an average 1 cubic meter of air from 
the streets 6f Baris contained 34(S0 bacteria, laboratory air, 7420, 
the air of old houses .3(),000, whereas the air of the I^iris Hospital 
(•011^0110(179,000 bacteria in 1 cubic meter. It is cpiite evident- from 
these figures that air of inhabited districts contains many bacteria. 
These are carried on the dust particles. It does not, however, 
always follow that the number of bacteria ip the air is an exact 
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measure of* the iminher of dust particles. An examination of 
the air of the London streets showed it to contain hetwecm d0(),00() 
and r)()0,()00 dust i)artieles f)er cubic centimeter, l)ut tlien' was 
only one microorganism to every :)S,:^()I),()(K) dust ])articles. The 
number of species ])resent will vary with the locality, but probably 
in the majority of cases it is not great. Fisch(‘r states that an 
examination of the stre(‘t dust in the city of Freiburg showed it 
to contain from five to seventeen dilferent s])eci(‘s of bact(‘ria in 
1 gram of dust which contained fnun 2 1,()()() t() 2, ()()(), 000 organisms 
per gram, (iraham Smith found at the to]) of the (’lock Tow(‘r of 
the Mouse of Farliament in la)ndon only one-third the number 
of bacteria that were found at ground lev(‘l. \Vlii])))i(‘ found 
1020 bacteria per cubic foot in air at street level, while iit the tenth 
story of the John MancocT Building in Boston the air contained 
220. 

Factors Governing Number and Kind. The s])rinkling of the 
streets greatly increases the number of l)a(*teria in the dust, but 
it decn'ases tlie numb(T in tin' air. O’his is <hi(‘ to tlu' fact that 
the moist partich's are not dislodged and carried into the air as 
freely as are the dry. 

The air of the country contains fewer bacteria than does the air 
of the city. Micpiel found as an average 200 organisms ])er cubic 
meter of air taken outsid(; the city of Paris and oJ lo bacteria ])er 
cubic meter of air taken within the eity. 

The niunber of l)acteria in air over oct'ans is low and varies 
with the nearness to land. (Jose to short; then* are often very 
many, while at great distance's from land tlu; air may lx* fret' from 
l)acteria. 

On mountain tops, in deserts, anti in t)ther uninhabited regit)ns 
the air is nearly fret' frt)m l)acteria. Tht' classical illustration of 
this fact is ft)und in the ex])crimeiits carrit'tl t)n by I’astt'ur to 
refute the tlt)ctrinc t)f sjittntaueous generation. Me t'X])osed flasks 
contjiining organic infusions in various lt)calities. Of 20 such 
flasks expt)setl tt) the air t)f Mer tie (llace It) showed no contamina- 
tion. In similar ex]>eriments Tyutlall ex])osetl 27 flasks containing 
beef infusion to the air of the Aletsch Olacier (SOOO). None 
showetl contamination, whereas 00 per cent, of a similar number 
t)pened in a haylt)ft did. 

The number of organisms in air tlecreases with the altitutle as 
well as locality. Jean Bint)t tlitl nt)t find a single micrtxirgaiiism 
in 100 liters t)f air taken on the summit of Mount Blanc. The 
number rapidly increasetl on descending. 


On the .sumTnit 0 

At the Grand Plateau •> 

At the Grand Malet S 

At the Place de Taiguillc 14 

At the Mer de Glace . 23 

At Montanvert 
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Tlie miinher of bacteria in tlie air varies with the season, inereas- 
iiif? from winter to summer and decreasing from sumiiKT to wintt r. 
There is also a marked decrease in the numl)er of bacteria in th(‘ 
air after a rainstorm. Tlie rain carries them to the ground and 
also moistens the surface so that particles of dust are not (*arri('(l 
into the air by every breeze. Ihit the added moisture of th(' soil 
greatly increases tin; s])eed of multii>lication so that later as the 
surface soil dries out more dust and with it a greater numlx'r ol 
bacteria are cjirried into the air. It is also true that the number 
of micro()rganisnis in the air decreases in the winter months not 
because cold is inimi(*al to th(‘ life of the microorganisms for just 
the reverse is true but the conditions are not as good for them 
to find their way into the atmos])h(‘re. This is due to the fact that 
the soil is covered with snow or the greater moisture ])rcvents 
the dust from being carried into the atmosphere. 

It is (luite evident that there would be a relationship between 
the numlier of bacteria in the atmosjihere and the climate of that 
region. Ifactta'ia would multi]>Iy rapidly in th(‘ soil of a warm, 
humid district and these in turn may be carried into the atmosjiherc, 
but the rains would (piickl\’ wash them out. Hence, there would 
be a great variation in a short tiim*, whereas in an arid region the 
numlier in the air may be smaller Imt will not var\ as greatl>' as 
in the humid region. 

The stay of the bacteria within the atmosphere will ^ ary, depend- 
ing upon a number of factors: 

1. The hardy s])ore-forming sajirophytes may remain suspended 
in the air for da\'s or (‘\'en weeks, whereas the frail non-spore- 
forming pathogens soon ])erish due to either drying or the steriliz- 
ing action of the sun’s rays. 

2. Small iiartides settle out more slowly than do large ones, 
for as the size of an object is decTcascd the surface area de(‘n'ases 
less rapidly ])roj)ortionately than does the volume. Hence, those 
bacteria which are floating free in the atmosphere would subside 
more slowly than those attached to dust i)articles. 

3. The time of suspension is also detennined In' the velocity 
of the air current. Organisms settle out of a still atmosphert' 
more readilv' than from one in motion, whereas it may recpiire an 
air current of consideral)le velocity to dislodge microorganisms 
and bring them in suspension a slight current will sustain them. 

4. Moisture in the atmosphere tends to cause partich's to adhere 
together and as they grow in size the tendency for them to settle 
out is increased proportionately. 

5. Although the air of London and many large cities contains 
numerous particles of dust, the number of living organisms is com- 
paratively small as the various gases thrown into the atmosphere 
have a slight germicidal effec*t upon the bacteria. 
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Bacteria in Inspired and Expired Air. Inasniuch ns the ntinosplien* 
eoiitniiis inimeroiis baeteria it is to lie (‘X])eete(l that maiiN' will Ix' 
inhaled with the iiis])ired air. It is estiiuat(Ml that a j>ersoii livinj^ 
in I^ondon breathes about MOO, ()()() bacteria (sieh day and indi\ iduals 
living? in other distriets may take many times this numIxT. Most 
of these are harmless and are eaii^^ht on the moist mneons nnan- 
branes of the up]H‘r r(‘s])iratory ])assa^n‘s, v(‘ry lew tiiidiiif^ tlx'ir 
way into the deejXT alveoli. 

The expired air, during normal r(‘s}>i ration, is praetieally irvv 
from baeteria. Hut during the acts of eoughing, snee'/ing and 
speaking the air is foreed out and with it baetc'ria, some of whieh 
may be pathogens and if inhaled by a second indi\'idujd may give 
rise to the speeifie disease. 

Air-bome Infection. The air has long been e()nsi<ler<Ml as tlu' 
chief vehicle for the spread of eomimmieable dis(‘ases. This 
was but natural, for until recently th(‘ virus of these dis('as(‘s was 
Ix'lieved to be gaseous or at least readily ditfusibh' and bonu' b\' 
air currents. After the liaeterial nature' of disease' was diseo\ e're'el 
anel it was feainel that the dise-harge's fre)m the nose and mouth e)f the 
eiise'aseel bexly often ee)ntains the e-ausative organisms, and henec 
could rcaelily finel the'ir way into the air, this was a fave)rito 
method fe)r ex])laining inft‘etie)n. Ke'e-ent work, howe'ver, has 
de'me)nstrateel that the ])atlioge!is eh) not le)ng retain the'ir \ itality 
when free in air, anel wdiere iniee-tie)!! is e*onve'ye‘el by air it is due to 
elust e)r elro])let infeetie)n. 

Dust nifeetion e)e‘eurs e)nly in the e-ase' e)f the)se' dise'ase's eaused 
by e)rganisms whieh e'an surxive e‘e)nsielerable' ])e'riods ot drying. 
The me)St im])e)rtant is that e)f tubere'ulosis anel is he're e-onfine'd te) 
rexnns anel elusty places whieh have Ix'e'ii e)ee'U])ied by e-are'less 
ee)nsuniptives. The extent to which elust is a fae*tor in the trans- 
mitting of dise'ase is ne)t well knowm, l)Ut it ])re)bably is not great. 

Flugge and his stuelents w'ere the (irst to eie-monstrate' that 
minute droplets may be e'mitte'el fre)m the mouth during talking, 
ee)Ughing and sneezing. The e|re)])le'ts may Ix' e-arried in a epiiet 
roe)m as far as twenty e)r thirty feet. The large ones seion se'ttle 
out, whereas in the smaller one's there is a gre'at teixh'ney for many 
}>athe)gens te) peMsh. Hene'C, elre)]>let infee*tie)n is eoiive'yeei only a 
fW feet. 
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WATER BACI^ERIOLOCIY. 

Common things are often little prized, and this is true of water, 
^'(‘t there is no other eoinpound which ])lays so many and such 
vital parts as does this substance. It coin])oses two-thirds of tin; 
bod\ weif>:ht, entering into the make-up of every tissue, ddu' 
muscl(‘s which do our work contain To per cent, water; the liver 
which acts as the body ])rotector a^jainst ]>oisons consists of 7o 
per (*ent.; tlu' bones, which posst‘ss a tensile strength of 20,000 
pounds per srpiart^ inch and are one and one-fourth times as stroni^^ 
as cast-iron, consist of 40 ])er cent.; the brain, the most comjdicated 
and wond(‘rful orj^an of the body, consists of So to 90 per cent.; 
the blood, that cosmo{)olitan fluid which visits every tissue of the 
body bearin^^ to it nutrients and from it waste products, contains 
o\ er 90 ])er cent, water. All the .seen'tions of the di^(\stive glands 
consist mainly of water, and it is not there merely as a vehi(‘le in 
whi(‘h arc conveyed the active princi])les, for it enters into practi- 
cally e\’ery c*hemical reaction through which (‘arbohydrates, fats 
and ])roteins ])ass in tlie proce.ss of digestion and metabolism. 
It is th(‘ fluid in which are held the mima-al nutrients which i)lay 
such a \'ital ])art in th(‘ life phenomena. Water giv(\s to the tissues 
their ])lumi)ness, carries off waste pnalin'ts, regulates the body 
tem])erature and acts as a catalyzer in most reactions. Hence, a 
substance which is of such vital im])ortance and so oft(‘n })olluted 
or infected must receive, more than passing notice by tht‘ bactx'ri- 
ologists. 

Cla.ssification of Waters. From a l)acteriologic‘al view()oiut, 
natural waters are best classified according to their relation to the 
rich layers of bacterial growth U]X)n the surface of the earth. There 
are four distinct classes: (I) Atmo.sj)heric water, (2) surface waters, 
(4) stored waters and (4) ground waters. 

1. Atmospheric water consists of rain and snow. It is really 
water which has been va})orize(l and then condensed. It contains 
none of the non-volatile substances and should, therefore, more 
nearl\’ a]>i^roach pure water than any of the other natural sources. 
B\it even this is far from pure, for as it falls through tlie atmosphere 
it absorbs gases and collects large amounts of floating dirt. FAcry 
one has observed how a showier will w'ash the air so that it becomes 
beautifully clean and clear. The minute the water reaches the 
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('jirtli further eoutainiiiation oeeurs aii<l it is a well-kiiowii fact 
tliat some of i\\v hithiest water used for domestic ])ur])os<*s comes 
from rainwater tanks. This is due both to the nn'tliorls of < olh‘et- 
ing and of storin^^ whieli pollutes Imt usually do(‘s not infect it. 

2. Surface waters include rivers, creeks and smalh'r stia^ams 
and are immediately exposed t() eoiitamination. They vary 
^n*eatly in composition, d(‘pending u])ou the nature of th(‘ catch- 
ment basin. Waters flowing- throu^^h rock, ^n-av(‘l or sand forma- 
tion arc bettiT than are those which flow ovcm* or drain loam or 
s\vam])s. Jbit even the waters from sand and ^u-aAcI regions may 
t)e polluted or even iidVcted, depeiidiiig upon the* relationshij) borne 
by the drainage basin to animal lif(‘, and esjx'cially to human b(‘ings. 
In the thickly settled ])ortions of the country an<l as the new dis- 
tricts build up these wat(Ts must b(‘ more (*ar<‘fully prot(‘ct('(l. 
Sanitary workers are being forced to the conclusion tliat it is 
impossible to ])roteet such waters against contamination, and as 
far as possible such waters should lie ])urified before' tlu'y arc' used. 

3. Stored waters include lake's and large' ])onds. Thc'se, whc'n 
fresh and kept frc'C' from the ])e)Ilutie)n with the wastes of human 
life and industry make admirable soure*es of watc'r. On account 
of the limited area of the drainage liasins tlu'y ai*e' more easily 
protec'ted than large stre-ams. Me)re'o\'er, the natural agene-ies 
for purification time', se'dimentation and enormous dilution jilay 
a great part in freeing the* water from any aceide'utal forc'ign material 
which may find its way into the wate'i*. 

4. Ground waters are of two e-lasses: {a) T)e'e']> springs and 
wells, from whie*h most bae-teria and other .sus])ensoids have bc'cn 
removed by filtration. Sue-h w'aters in ])assing through the' soil 
take up large eiuantities of e-arbon elioxid whie*h has been set free 
by the decay of organie* matter. Water he'axily charged with 
carbon elioxid has a gre'at solvent action for lime and othe'r inor- 
ganic eonstituents. Heiu'e', while sue-h waters are usually safe they 
are hard and carry large epiantities of organic- material, (h) Shal- 
low springs and wells eorrc'spond more ne-arly to surfae-e.' waters 
and are often polluted and at times infected. 

Waters are also e-lassified as i)e)lluted and infecte'd. A good 
w^ater is one of high standard eiuality, as determined by i)hysie-al 
inspection, sanitary surve'v of the waitc'rslu'ds, e*linical ex])ericne-e, 
bacteriological and chemical analysis. 

A polluted w^atcr is one containing organic waste of either animal 
or plant origin. A polluted w^ater is not lu'c-essarily a dangerous 
water but is abvays looked on l)y the bacteriologist with susinciou. 

An infected water is one which contains the' s|K'e‘ifie: mie-ro- 
organism which causes disease and is always dangerous. The 
bacteriologist in examining seldom proves that a water is infected, 
but drawls his conclusions from indirect evielene-e. 
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Numbers of Bacteria in Waters. Tlu* bacterial coiitcMit of tlic 
several wjiters varies greatly. Alim)sj)li(‘rie waters after a 
eoiitiiuied storm iiuiy be free from baet(‘ria, whereas rain after a 
lon^ drought may eoiitaiii many. Tlu're is also a varijitiou in tlu^ 
nmnl)er, de])ending upon wlK'tlu'r the rain is eolleetial in the country 
or city. Micpn'l obtained for the ])eriod ISSd 1S8() an average' 
of 4.d l)aeteria p(*r enl)ie eeiitimeter in the country and 19 pc'r 
cubic eeiitimeter in Paris. Snow contains rather higher numliers 
than does rain. Janowski tonnd in freshl\’ falh'ii snow from dl 
to 4()d baetc'ria i>er enliie (‘('utimeter of snow-water. 

Surface waters are lU'N’t'r free from bacteria, but the numbers 
var\' greatly from a few hundred, in the ease of clear mountain 
stn'ams, to millions, in the ease of the se-wagc' ])ollnted rivers. 

44ie number varii's with the turbidity of the stream. The 
'rhames lliver carries 277 bacteria ])er cubic eentimet(*r in April, 
whereas the Illinois carries la'tween (iOOO and SOOO jier eubie centi- 
meter. The number also varies with the season of the year. In 
May th(' Potomac Ui\er carries aliout 750, while in March it 
carries 11,500 ])er eubie centimeter. The number is inereasc'd 
when th(' drainage basin is manured with the various animal 
manures, as it is also by the entrance of sewage into the streams. 

Th(' liaett'rial content of lakes is usually lower than that of 
streams, but shows w ide variations. Lake Michigan near ('hicago 
gives count for from OS to 2000 per euliie centimeter, while Lake 
raieerne’s vjiriation is from 8 to 51 per cubic centimeter. 

44ie same wide variation is shown in ground waters. Sliallow'^ 
w^ells and s])rings often contain as many and just as dangerous 
organisms as do surface winters. But deep w^ells and springs contain 
few organisms, and it is not an uneoinmon experience to find some 
w'hich an' sterile. 

The seasonal \ariation of bacteria in deep wells and springs 
is zero, and w here we have seasonal variation in these sources of 
water it indicates surface contamination, and with shallow wells 
and s]:)rings it is often enormous. 

Surface waters are subject to marked variations in bacterial 
contents, es])eeially during sjiring and fall, due to melting siuwv 
and rains of these seasons. A heavy shower is likely to increase 
contamination by introducing fresh material from the surface 
of the ground. Prolonged moderate rains may have the opposite 
effect and after the main imjiurities have been washed away may 
dilute the stream with a better w^ater than itself. The net effect, 
tfierefore, depends upon the character of the stream as well as the 
catchment basin. A stream highly polluted with sew'age may 
actually contain fewer bacteria after heavy storm than before, 
but a normal stream contains more, as emphasized by the following 
data conijiiled by Prescott and Winslow: 
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Sedimentation. 

Bacteria, 

disa])i)ear 

mor(‘ rapitlly from 

still or 


slow-flowiiij; streams than from ra])i<l-flo\vin^ streams, diu* to the 
faet that tlu' transportinji; ])()\ver of a stream varii's as tiu' sixth 
power of its veloeity. A eiirrent moving" six iiielies a second will 
carry line sand; one moving twelve inches a s(‘cond will carry 
travel; four feet a s(*cond, stones of ahont two ])onnds weij^ht; 
and thirty feet a second, blocks o( three hundred and tw('nty tons. 

The sedimentation of bacteria tliems(‘lves takes place very 
slowly even in still water, for the dilference in numbers ladweeii 
the top layer and the bottom layer of water in tall jars in laboratory 
ex]>eriments of a few djiys’ duration is very sli^dit, beinjj; (piite 
within the limits of expta-imental error. In the natural strtxims 
however, the bacteria are, to a ^n-eat extent, attached tc) larger 
solid particles, and ui)on these the action of gravity is inon* im])ort- 
ant. Sedimentation is one of the most im])ortant factors, ac-cording 
to Jordan, in purifying waters. He states that “it is noteworthy 
that all the instances recorded in tlu; literature where a marked 
bacterial purification has been observed are ])recisely tl^**^*' '' here 
the eonditions have been most favorable for sedimentation. 

Light. Light is one of the best germicitles, for wlaai it plays 
upon the naked protoplasm of the baet(‘rial cell it kills both vege- 
tative and spore forms in a short time. ()])inions vary, however, 
as to the part played by light iji (h‘stro> ing bacteria, in natural 
waters. Buchner foumr that plates eontaining /L tnhercidmis 
'verc sterilized in four and one-half hours at a (h‘])th of five feet, 
but were unharmed at a dei)th of ten feet. Plates ex})osed at 
various depths and containing various sai)rophytes gave the fol- 
lowing x*ounts after three hours: 

» Rain or high water due to previous thaw. 
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licforc exposure. Sunsli'ine. 

At HurfiU'J' of water (i)or e.e,) . . 2100 9 

Under 20 iiiehe.s of water (i>er e.e.) 210;i 10 

Un<l('r 40 inelu'S of water (i><‘r e.e.) 2140 2115 


Darkness. 

;tio:i 
:u)2 1 
31g:i 


Few studies luive been made of tlie effect of light on baetx'ria in 
flowing water. eJordan, after an investigation of several Illinois 
streams, eoneluded that at least in eight moderately turbid wattTs 
the sun’s ra,\s are virtually' without action. Miieh, tlierefore, 
tiepends on the turbidity and speed of the current, the maximum 
germicidal elfeet being ])roduced in shallow, clear, slow-moving 
water. 

Temperature.— The action of temperature upon the bacteria \'aries 
with the food and s])(‘cific organism. When tluw are in a medium 
in which tluw’ can gro\v and multi]>ly, warmth within reasonabh' 
limits favors their develo])m('nt. This is true of the natural bac- 
terial flora and may, as was found to be the case at Harrisburg, 
Fennsylvania, hold for B. roll. JUit this does not hold for the 
pathogcMis w hieh in tlie ma jority of cases do not multi])ly in water, 
and, as ])ointed out by Prescott and Winslow, “wdien a bacterium 
cannot multi]>ly, the only vital activity wdiich can take place is 
a katabolie wasting aw^ay, which soon proves destructive, and th(‘ 
higher the temiierature the more rapidly the fatal result is reacht‘d. 
A frog in winter lives at the bottom of a pond breathing only 
through its skin and eating not at all, but as soon as the temperature 
rises it must eat and breath through its lungs or perish.” The 
typhoid bacilli will survive longer in ice than in water. The 
speed w ith which the\- ]>erish varies invers(‘l\' with the tem])erature, 
as was found by Houston. 

rercentaKe of typhoid Period of final 
bacilli surviving disappearance of 


Teinperalure. after one week. bacilli, weeks. 

0 40.00 9 

Ci 14.00 7 

10 0.07 ,5 

18 0.04 4 


In the natural-occurring winters probably many factors play a 
part; sometimes it is the inhibiting action of microorganisms and 
their ju’Oflucts on one another; at other times protozoa which feed 
upon bacteria and the development of wdiich is directly proportional 
to the temperature of the medium in wdiich they are growing. 

Hinds foun<l that in pure, natural and distilled water B. roll 
and B. typhoms die from starvation at a regular rate. The rate 
of death increases with the temperature and is similar to the rate 
of a chemical reaction, thus following the mono-molecular law. 

Food. —Bacteria are dependent upon food and respond quickly 
to comparatively slight cdianges in their food supply. Wheeler 
found that typhoid bacilli would persist in almost undiminished 



CLASSES OF BACTERIA 


345 


numbers in sterilized water from a polluted well containing con- 
siderable or^ninic matter and ke])t in the dark at 20 dej^rcc's, while 
purer wat(‘r or in the lifj;ht they died out in from two to six 
weeks. In unsterilized watiu* tin* results may be just tiu' oi>])osite, 
for in the presence of an abundant su]>]>ly (he sapro])hytes may 
multijdy at the (‘X])ense of the i)atlioj^ens. 

Whi})])le and Mayer find that the j)res(Mice of oxy^tai is essential 
to the existence of ty])hoid and colon bacilli in wattT, iind (‘ven 
small quantities of acid and alkali an* fatal. It is for this nxison 
that we find few orpinisms in acid and alkali waOa- of various 
regions. The factors, thert4‘orc, which are at work on the ]>uri“ 
fication of water are numerous, and “althou^di it is hard to estimate 
the exact im])ortance of each factor, the general phenomena of the 
self-purification of streams are easy to (‘ompn'hend. A small 
brook, immediately after the entranc(‘ of jiollutin^ mat(‘rial from 
the surface of the j^rouml, contains many bacteria from a div('rsity 
of sources. 

“( jrjiduall\' those organisms adaj)ted to life in the earth or in the 
l)odies of plants and animals die out, and the forms for which water 
furnishes ideal conditions survive and multiply. It is no single 
agent which brings this alxmt, but that com])lexity of little-under- 
stood conditions which call the environment.” 

Classes of Bacteria.- The bacteria found in wat(‘r may be roughly 
classed as: (1) Xatural-water bacteria, (2) soil bacteria and {A) 
sewaige or intx'stinal bacteria. There is no hard and fast liiu' 
l)etween these classes, for organisms belonging to th(‘ water flora 
are found in tlie soil and water draining from manured soil will 
contain intestinal organisms. Tin* classification, however, is \'alu- 
able; for the first two groups usually contain tlu' saprophytes, 
whereas the third contains the ])athogens. 

A number of attemi)ts have been imide to classify wat(‘r bacteria. 
Ward, in his study of the bacterial flora of the Tliaiiu's l{iv(‘r, 
arranged them into twenty-one groups. But the work is b(‘set 
with certain difliculties which were recognized by Ward, for he 
made the following statement: “My work goes to show that 
species cannot be made out, but that the limits of the sjx'cies an^, 
in most cases, far wider than is assumed in descrij)tions in other 
words, that many so-called species in f)ooks an' merel\- variation 
forms, whose characters, as given, are not constant but depend on 
treatment. How far this is true for any given case will have to 
be tested on the particular form in question.” 

Fuller and Johnson, from a study' of the bacteria in the rivers 
of America, suggested a classification containing thirteen groups. 
Thei-r s,ystem was based inainl.v on morphological data, and hence 
they experienced considerable difficulty in differentiating short 
bacilli from cocci. 



WATKIi BACTERJOLOGY 


34 () 

Jordan studied odd strains of bacteria from tlu' Illinois, Missouri 
and Mississippi Rivers and grouped tliem into tlie folloAving classes, 
dci)ending upon their bioeheiuieal i)roperties: 

I. ]i. coli cojujiuwis. 

TT. B. laciis acwgcnc.s. 

• III. B. protenJi. 

IV. B. enter itidh. 

Vd B. flnorescen.s li(/iu^faciens. 

VI. B.fluorescem rwnAlqimJacwm. 

VII. B. suhtilw. 

VIII. Non-gas formers, non-fluorescent, non-sporeforming bac- 
teria which li(|uefy gelatin and addify milk. 

IX. Similar to (Jroup Vdll, save that milk is rendered alkaline. 

X. Similar to (iroup Vdll, save that gelatin is li(pieh(‘d. 

XI. Similar to (iroup IX, save that g(‘latin is not licpielied. 

XII. Similar to (iroup XI, save that the reaction of milk is not 
altered. 

XIII. ('hromogenic baettTia not included al)ove. 

XIV. ( Jiromogenic staphylococci. 

XV. Non-chromogenic staphylococci. 

XVI. Sarcinne. 

XVII. Streptococci. 

Jdie natural water flora arc sa]>ro])hytes and the most important 
members found were: 

Ooii]) V {B. Jlmrcscen.s liqmfaciem) is i)robably more often 
found in water than any other species. It liquefies gelatin and 
produces a green fluort‘scence. 

(Iroup VI {B. Jliwrescens norAlquefaciem) produces colonies with 
a fluorescent shimmer and does not liquefy gelatin. They are 
often very abundant in river water. 

(Iroup VI TT: Organisms which liquefy gelatin and acidify milk. 
These are closely related to the proteiis group and some of them 
liqiwfaciciw, B. imnjctaiu.fi, B. circidams. These are found 
more commonly at some seasons than at others. 

(1 roups XTli and XIV: Ohromogenic bacilli and cocci. The 
red-i)igmented B. prodigiosus belongs to this type, as does also B. 
ruber, B. imlicus, B. rubescens and B. rubefacieru'. ''Fhose pro- 
ducing a v ellow or orange pigment and belonging to this group are 
B. aquatiJis, B. ochraceufi, B. aurantiacufi, B. fulvufi. At times 
there occur organisms which produce violet-pigment— B. molaceus. 
The chromogenic cocci occurring in water are not so numerous; 
of these, Sarcina lutea is the most common species. The non- 
chromogenic cocci, which Jordan classes as (Iroup XV, are more 
numerous. 

Soil Bacteria.— The flood waters are continually carrying to the 
surface waters soil organisms, so 'we may at times find any of 
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th(‘ bjictcria wliicli occur lii soil also in water. Many of tliest* 
find this an uiisiiitahh' iiUMliuin for j^rowth and iiuilti])licatioii and 
^ooii perish. Jiut some species, aimuig which an' li. nii/rin'drs, Ji. 

li. virgaterntHi and li. Mrs^’ulrrlrus ruUjdUis ])ersist for a 
coiisiderahle time. 

Intestinal Bacteria. Thest' are usually of sewa^<' origin. To 
this class heloiigs a heterogeneous lijrou]) of microorganisms which 
find their way into wat('r from sewaji:e. Many of them are true 
sapro])hytes and of themselves are not injurious, hut their ])resenee 
ill a water constitutes a danj^er signal to the bacteriologist. This 
is esiieeially true of tlu' B. cnli grou]) of organisms, the natural 
habitat of which is the intestinal tract of the higher animal -man. 
Hence, whenes'er there is o])portunity for thi'se organisms to find 
their way into waters then' nuiN' also be opportunity- for tlu' ])atho> 
gens which cansi' typhoid lever, cholera and ilysenteria to n'aeh 
the water. It is, tlu'n'fore, c('rtain that evt'ii a little si'wage may 
cause mueh damage if it ('liters a wati'i* su])pl\’ for only a few hours 
at rare inter\als, but it is the slight eontinuons infections which 
can give rise to a prolonged outbreak of disease'. It is well ('stab- 
lished that typhoid baet(Tia die (pute raiiidly in ordinary waters, 
and so far as known never multi|>ly in su(*h waters, as is sc'cn from 
the following (Mills): “To jirove wlu'tlu'r ty])hoid-fever germs 
would survive in the Merrimae Kiver water, whi'ii at the low 
temperature of the month of Xovernlx'r, long enough to jiass from 
the Lowell sewers to the serviee-]>i]x*s in Lawrenc(', a series of 
exiieriments was made by the Board liy inoenlating water from tlu' 
service-])ipes with ty])hoid-fever germs, and keeping the water 
in a bottle surrounded by' iee, at as near freezing as jiraeticable, 
for a month and each day taking out one cubic centimeter and 
determining the number of typhoid germs. The number continu- 
ally decreased, but some survived twent.v-four day s. 

“On the first day- there were (>120 germs. 

On the fifth day there were MlOO germs. 

On the tenth day thert^ were 4!)0 germs. 

On the fifteenth day there were 100 germs. 

On the twentieth day there were 17 germs. 

On the twenty -fifth day there were 0 germs.’' 

At a higher temperature the life of the organism would have 
been of even shorter duration. 

Our information in regard to the cholera vibrio is not (piite as 
definite, but exjieriments indicate that it ina.y multijil.v to some 
extent in sterilized river or well water, and that it maintains its 
vitality in such water for several weeks or even months. 

Natural Purification of Water. X'ature’s methods of purifying 
water are ifiainly: 
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1. I'>vai)orati()ii and condensation whicli j>;ives the purest of 
natural waters. Millions of gallons of water are aiinnally (‘va])o- 
rated from tin; surface of the ^lobe. Thus, we liave an enormous 
natural still l)y w hich w ater is constantly' being purified in Nature. 

2. The self-purification of running stn^ains which although 

important is often hard to estimate c|uantitatively. It is due to 
many factors, chief among which are: (u) oxidation 

and reduction of organic and inorganic constituents of the wat(‘r 
wdth the formation of simjde substances Avhich are not w(‘ll suited 
to the maintenance of life and growth of inan\' forms of bacteria, 
and the germicidal inlluence of sunlight which is an inijjortant but 
\'ery variable factor. (6) Bwloijical —\\\q death of mic*robrgaii- 
isms through various not \v'ell-under.stood co!iditions grouix'd uiidcr 
the heads of symbiosis, antibiosis, time and various other means, 
(c) Plujsiml^i)^ which dilution and sedimentation are the more 
important. 

o. The storage in lakes and ]>onds which through the ])rolonging 
of the time of action greatly' intensifies those factors at work in 
the natural purification of miming streams. 

4. ddie combined ])hysical, chemical and biological action of 
soil upon water w'hich filters through the soil. This is one of 
Nature’s grtnitest ]>urify'ing agents and stands .second to twapora- 
tion and condensation in efi'ectivene.ss. 

Artificial Purification. -Those methods w hich are so elfective in 
the purification of water under natural conditions are usually the 
methods which are made use of in the artificial purification of 
water. Only' a few' of the best known can be liriefly' considered 
here. The student who is more dee])ly interested in the subject 
is referred to any of the man.v comprehensive works on this subject. 

The slow' sand filt(‘r frees w^ater from impurities through the 
interaction of sedimentation, filtration, and the liiologic’al destruc- 
tion of organic matter and bacteria. It has been extensively' used 
for tSver one huiulred y ears, l)ut a great impetus was given to this 
nu'asure when Ivoch, in 189.4, show'ed -that the proper filtration of 
the water from the Kibe Kiver saved Altona from an epidemic of 
cholera which devastatc'd Hamburg which was using unfiltercd 
water. 

The method consists in causing water to i)ass through a layer 
of sand of such fineness and thickness that the requisite removal 
of suspended substances is ac*eomplished. The filter as usually' 
constructed is a basin having a w^ater-tight concrete base on the 
surface of which are laid perforated tiles or pi{K\s. These are 
covered with about a foot of gravel graded in size from 2.5 to .4 mm. 
in diameter from bottom to top. Over this is placed three or four 
feet of sand wdiich acts as the real filter. The water passes through 
this and is con\ ey ed to the mains by the underlying pipes. The 
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suspended inuterial, ineludiiij^ bacteria, is removed by the sand 
which becomes more edieient us used, due to the nipid formation 
of a mat of finely divided sediment, in which protozoa- often multi- 
ply, and assist biologically in removing many bacteria. In time the 
mat be(‘om(‘S very thick and the filtration although elective is 
unduly slow. The water is then allowed to subside' below the 
surface and about half an inch of the sand ri'nioved, after which 
filtration is resumed, d'hc .sand removed is washesl to free it from 
collected impurities and is late'r rejdaced e)n the IxmI after succes- 
sive scra|)ings lun c reduced the filter to aliout one foot in tliickncss. 

ddie filters are usually divided into units of cnnve'nicnt size, 
about half an acre, so that one unit may be cleaned without inter- 
ruption of the system. The slow sand filter removes about 9t) 
per cent, of the bacteria, about oiu'-third of tlu* coloring matter 
jind its long effective ust' has established tlu' fact that it has a favor- 
able effect upon the health of the community when' used. 

Chemical Method. The chemical dislnh'ction of water on a 
large scale is now almost (‘xclusively clfectc'd with substances 
yielding chlorin, chief of which are bleaching ])owdcr {ehlorid ol 
lime), sodium hyi)ochlorite and free chlorin. The action of these 
substances is essentially similar and de])endent u])on the (juantitative 
active chlorin which they contain. They are nsuallx’ add(‘d in 
Cjuantities sufficient to give from O.o to 1 ])art of active chlorin 
])er million parts of water. 

ddie use of bleaching powder in the jmrificjition of wah'rs !S 
cheap, reliable, harmless and easy of a])])lic*ation, which makes it 
an attractive method, Imt when used on imjmn' wat(‘rs containing 
organic matter it gives rise to amins, chloramins and otluT com- 
pounds of unknown com])osition which im])art to the water unpleas- 
ant flavors. 

Alum is often used either alone or in connection with the mechan- 
ical sand filter, and if used under controlled conditions is very 
effective and leaves no undesirable const itiu'iits in the vvTiter. 
The quantity should be accurately determined for each water as 
it varies with the turbidity and quantltx' of calcium carbonate 
contained in the water. 

Potassium permanganate is often used in the disinfecting of 
small quantities of waters, but its eflectlveness cannot be d(‘j)end(‘d 
upon except against the cholera spirillum. Moreover, the disagree- 
able taste and the color imparted to the water are a serious drawback. 

Chlorazene, the new disinfectant suggested by Dakin, has much 
which commends itself for use in the disinfe(*tion of small quantities 
of water, as in the concentration of i : 300, (MM) it will sterilize ordi- 
narily heavily contaminated water in thirty minutt's. Such a 
concentration imparts a very slight taste to the water but is ])er- 
fectly palatable. It is non-toxic and if used for only short intervals 
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would probably be without elleet u])oii the health of the individual, 
ddie eoin])ound, ehlorazene (])-sulphondiehloraininob(Mr/oi(* aeid 
(d2N()2S( ’firi4COOH), is excreted in the urine as ])-suli)honainido- 
benzoic acid. 

Ice. — It is often the case that water which one woidd not con- 
sider fit for drinking is used in the inanufacture of This 

should not be the case as the freezing of water reduces only slowly 
the number of organisms present. In fact Keith considers that 
low temperatures alone do not destroy liacteria. On the contrary, 
cold appears to favor longevity doubtless by diminishing destructi\ e 
metabolism. 

Probably the decrease' in numl)er is due to mechanical ru])turing 
of the c('ll, lack of ox.\gen, food and moisture which are du(‘ to 
the low temperature. Although there* is a elecrease e)f bacteria, 
\ et ex])eriments have* elemonstrateel that even the |)athe)gen Bdclllus 
Ij/phosus may persist in ie-e* fe)r erne hunelreel elays. The che)lera 
vibrie) ])erish mueh se)e)ner. Hene*e‘, the e'vielenec is e*e)nclusive 
that just as i)ure a water slmulel be* use'el in the manufacture e)t 
ice as is reejuired in de)mestie* suj)i)lie's. 
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WATER AND DISEASE. 

lIisroiiY is replete with J'aets iiidieatiii}; tliat early in the history 
of the race there was a gcaieral (•oiiee])tioii that water nii^dit cause 
disease. Early tribes sought out those streams and springs which 
yielded a generous supply' of cool, clear water, 'bhey lollowed 
them on their course to the sea and learned that some furnished 
water which promoted h(‘alth. whcTcas the user of otlu'r waters 
suffered certain plagues, (’enters of ]a)])ulation sprang up in 
ancient times around those points whert* waba* was readily avail- 
able and great exjxMiditnres of labor and tnaisure yv('r(' made to 
])rotect and carry it to places where it was needed, .\bont 400 
n.c. ITi])pocrates pointed out the dang(‘r from ])ollutt‘d water and 
advised the filtering and boiling of such water. But apparently 
during the following centuries no relationshi]) was observed between 
the character of the drinking water and the ei)idemics of tyi)hoid, 
cholera and other intestinal diseases which swept ovt*r Europe. 
During the Dark Ages th(' belief that watcT caused diseases of the 
human race became very i)opular. lint the attributing factor was 
thought to be witches who by some (xcult magic i)oisoned ])ure 
wells, s])rings and streams. 

The statements in the literatun* during the l)eginning of the 
nineteenth century became more definite, showing that the rela- 
tionshi]> Ix'tween the character of th(‘ drinking water and the 
preyalence of intestinal diseases was being recognized. By the 
middle of the century Alichel had collected such a mass of statis- 
tics as to warrant the conclusion that there is a direct relationship 
l)etween the purity of a drinking water and typhohl lever. 

Disease First Definitely Proved as Due to Water. The first clear- 
cut demonstration that disease is caused by infecterl water vyas 
that of the now famous Broad Street well (18n4) so ably stiulied 
by Snow. During this outbreak of cholera in London there was 
an enormous concentration of cases in a very limited area just 
east of Regent Street. There were during a i)eriod ()f about six 
weeks over (iOO fatal cases. A careful study of the site, soil, sub- 
soil, streets, density and character of population, dwellings, yards, 
closets, cesspools, * vaults, drains, conditions of cleanliness and 
atmos])heric conditions revealed nothing of importance. A study 
of the water supply revealed the following facts: 
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1. Nearly all of the cases were. nearer a certain pnl)lic piinip 
in Broad Street than any other source of wattT and most of them 
gave a definite history of getting water from the pum]). 

2. Of the few cases which developed outside of the area sup- 
plied by the pump most of them were known to Inive drunk water 
from the Broad Street well. 

3. The few scattered cases in distant parts of London weiu' 
individuals who had used water from the well. 

4. Right in the midst of the district was a workhouse with 22)5 
inmates and a l)rewery with 70 eniplo\'ees, each having its own 
well, and there were only 5 deatlis in the workhouse and none in 
the brewery. 

5. It was shown that a privy vault and cessj^ool in an adjoining 
hous(' discharged through a leaky drain which ran within two 
feet of the Broad vStreet well. 

0. ddiere were 4 fatal cases of cholera in the house at the time 
of the outbreak and earlier cases which were ])robably choh'ra. 

It was not until ISSO that the ty])hoid l)acillus was isolated 
by h^berth and studied in detail by (iafky in 1S(S1 that we had 
definite information concerning the causative agent of ty])hoid 
fever, the way in which it leaves the body, and the routes by which 
it may rcjich drinking water. This same year Koch isolated th(‘ 
cholera vibrio from stools of ])aticnts suffering with the disease. 
He also isolated the organism from tankw'ater in India. We now 
know that water is a vehicle for a nnmber of infections such as 
tyj)hoid fever, cholera, dysentery and other intestinal disc'ases. 
It ma\’ be the medium for conveying infections not now generally 
regarded as water-borne. It may carry inorganic ]>oisons such as 
lead, or may be of such a nature as to bring about derangements of 
metabolism resulting in goiter, or may lower resistance, so as to 
fasor infections not water-borne. It occasionally conveys animal 
])arasites, ameba* and worms. 

Amount of Sickness due to Water.— Water is probaldy responsible 
for more sickness and death than any other article of diet except 
milk. This is due to the facts: (1) That it is used raw', while 
many other substances are rendered sterile by cooking; (2) waiter 
comes in contact wdth numerous substances upon the earth’s surface 
and is a universal solvent; (3) it is used as the great vehicle for the 
removal of waiste, much of which may contain pathogenic organisms. 

It is diflicult to obtain statistics to indicate accurately the mor- 
bidity and mortality due to impure water, but Whi])i)le states 
that the average typhoid death-rate in American cities is about 
35 per ] 00,000, while cities with a good water supply average 20. 
lie, therefore, attributes 40 j>er cent, of the typhoid fever of the 
Lnited States to infected water. Chapin, however, considers it 
w ould l)e more conservative to place it at 15 per cent, for the whole 
country rather than at 40. But even these figures show a large 
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unnecessary mortality and morbidity when we remeinlx'r there 
were 25,000 deaths in the United States in 1010, representing at 
least 250,000 cases. 

Dysentery and diarrhea, although not as fatal as t\'])hoid fe\ er 
or cholera, are not to be neglected, for when we consider the sick- 
ness and economic loss resulting each year in the I'nited States 
from these causes, much of which is due to infect('d water, we 
find that they are not negligible. Moreover, the b(‘tt(‘r care ol 
drinking water has resulted in a marked decrease in the ra\’agcs 
of dysentery, for it is estimated that the mortality from dysentery 
in England toward the end of tin; last century was but a fraction 
of a per cent, of what it was in th(‘ middle of the century. More- 
over, the reduction of dysentery in the rnited States has kept ])ace 
with the advancement made in water })rotection and })urificati()n, 
as seen by the fact that the death-rate from dys(Mitcry in this 
country in 1<S50 was (>.32 per cent.; of the total mortality in IShO, 
2.()5 per cent.; 1870, 1.0 per cent.; and in 1880, l(‘ss than 1 .5 per (ent. 

The Mills-Reincke Phenomenon. Mills, of Lawrcnc(\ Massa- 
chusetts, and Reincke, of Hamburg, (lermany, in 1803 noted 
that the purification of the water su])])lies ol their rcs])cctivc 
towns was followed by a decline in the general death-rate which 
was more rapid than could possibly be accounted lor by the death 
from typhoid fever. This condition was latcT scarchiugly stiulied 
bv Sedgwick and MacNutt who gave to it tlie name of tlu' “Mills- 
lieincke Phenomenon.” Later (1001) Ilazen, a .sanitary engineer 
formulated a numerical expr(‘S.sion for the com])arativ(‘ ('licet ()f 
purified water upon the tyj)hoid fever and total mortality as lol- 
lows: “Where one death from t\'])hoid fe^•er has bct'ii avoided 
by the use of a better water, a certain number of deaths, ])robabl> 
two or three, from other causes have been avoich'd. 1 his ])ropor- 
tion varies greatly in different instances. It was 1 to Ifi in Ibim- 
burg, in T.awrem'e 1 to 4.4, I.owell 1 to 0, Albany 1 to 4.4 and 1 
to 1.5 in Binghamton. Hence, in all of the cases studied by Sedg- 
wick and MacNutt it appears to be sound and conservative', but 
in some of the American cities more recently studied it doc's not 
appear so exact. 

The cause of this decline in mortality is not i*learly understood. 
It may be due to the exclusion of s])ecific pathogenic organisms, 
to increased vital resistance resulting from the use of a better 
water, or in some cases the appearance and taste of the water 
may be improved with the result that greater cpiantities are 
ami hence a better condition of the body in general. Probably 
many factors are at work and tlu'se studies have revealed a remark- 
able relationship between polluted water and infant inortahty. 
Rosenau considers that it bids fair to assume a causal im])()rtanc(3 
in gastro-intestinal disturbance of children second only to that of 
contaminated milk. 

23 
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Cholera.— Water has been proved to be the causative agent in 
the conveying of cholera in a number of instances. The two best 
known oases are that of the Broad Street well, which has 
already been considered, and the epidemic of 1892 in Hamburg. 
This latter will ever remain classic on account of the clearness of 
the circumstances and the fact that there is no missing link in 
the chain of evidence, as the cholera vibrio was isolated from the 
Elbe River water. 

The Hamburg epidemic occurred in 1892, and in a little over 
two months there were 17,000 cases with 8605 deaths, whereas 
Altona, which in reality forms with Hamburg one large city, was 
practically free. 4Te two cities arc built on the same soil, pro- 
vided with the same sewage system, and have the same climatic 
conditions. They have- the same social customs and were sepa- 
rated only by a political boundary line. The boundary runs 
through a street on one side of which is Altona and on the other 
Hamburg. They have separate water su])plies, but both derive 
their water from the Elbe River which is a grossly polluted stream. 
However, the water supply for the city of Altona was purified by 
filtration, while that of Hamburg was not. The boundary of 
the epidemic was just as clear as was that of the water system, or 
in the words of Koch, ‘'cholera in Hamburg went right up to the 
boundary of Altona and there stopped. In one street, which for 
a long way forms the boundary there was cholera on the Hamburg 
side, whereas the Altona side was free from if’ 

Typhoid.— Contaminated water was the first recognized and 
probably the most significant vehicle of typhoid infection. The 
improvement in water supplies during recent years has been resimn- 
sible for the reduction in typhoid morbidity. The results compiled 
by Kober clearly show the effect of improved water supplies on 
typhoid mortality in American cities. 


EFFECT OF WATER PURIFICATION ON GENERAL AND TYPHOID 
DEATH-RATE. 


City. . 

General 
death-rate 
before 
change of 
water 
supply. 

Same 

after. 

Percentage 

reduction. 

Typhoid 

fever 

death-rate 
before 
change of 
water 
supply. 

Same 

after. 

Percentage 
reduction . 

Providence, R. I. . 

19.3 

19.0 

-f 1.6 

21.8 

13.7 

+ 37.2 

St. Louis, Mo. . 

: 18.0 

16.1 

-f-10.6 1 

39.2 

19.1 

+ 51.3 

Youngstown, 0. 

1 l.'i.O 

15.1 

-t- 3.2 

96.1 

39.1 

+ 59.4 

Ithaca, N. Y. . 

* 16.4 

15.1 

-1- 7.9 

108.8 

25.3 

+ 76.8 

Paducah, Ky. . 

! 23.4 

17.4 

-f23.0 

82.1 

^ 78.7 

+ 4.2 

Watertown, N. Y. . 

i 1,5.. 5 

17.2 

— 11. l' 

100.6 

38.2 

+ 62.1 

Paterson, N. .1. . 

17.2 

16.5 

4.1 

28.2 

, 11.9 

+ 57.8 

Binghamton, N. Y. 

17.0 

17.6 

0 

40.8 

13.4 

+ 67.2 
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Water still remains the most important siimle channel by which 
the typhoid bacilli reach the human body. ^Estimates vary as to 
the actual percentage of typhoid cases which are referable to water 
infection. It is placed by various authors at from 10 to 40 per 
cent. According to Gay, Schuder found that of 640 typhoid 
epidemics 22 per cent, were due to water. Schegehdahl found 
that of 6S2 cases about 33 per cent, were water-borne. Ty])hoid 
is, therefore, the most important water-borne disease. 

The proof that a tyi)hoid epidemic is due to water infection 
is usually indirect, for the actual isolation of the oHending organ- 
ism is effected with considerable difficulty and has been accom- 
plished in only seven or eight cases. However, in those cases 
where it is found it is not always ])ossible to prove that it was 
])resent at the time the infection occurred. Strong presumi)tive 
evidence is given whenever waters are j^roved through the presence 
of colon bacillus to have been infected by sewage. 

The best evidence, howev(‘r, obtainable that a specific ty])h()id 
outbreak is due to polluted water is that obtained by the (epidemi- 
ologist. He knows that the important characteristics (jf water- 
borne epidemics are: 

1. They may be ])rece(led by a period of dysentery. 

2. The epidemic usually has a sharj) onset, the curve rising to a 
peak and the decline l)eing rapid. 

3. llie cases are quite evenly diyitled over the city, that is, 
provided the city is served by a municipal supply. 

4. They nearlv alwavs occur in the spring, fall, or winter. 

5. The pollution is usually nearby and the epidemic is (^f short 
duration unless there be a continuous source of new infecting 

material. , , 

The work of the epidemiologist is vividly. })ortraycd by um 

as follows: . 

“To illustrate the general principles, let us suppose iiotihcation 
be received that a typhoid fever outbreak exists in a far-otf com- 
munity. The public health detective packs his grip and goes. 
He knows no details; he has never heard of this particuhar com- 
munity before; he has not even any general information about tiie 
character of the country; he enters the community with no pre- 
conceived ideas. But he does know how typhoid fever originates 
and how it spreads. Water, milk, food, flies and fingers are the 
routes- typhoid cases or typhoid carriers, the source. His duties 
are to find both; and to find them, not as a scientific amusement, 
or as a matter of record; not to furnish food for speculation 
all not to make a show of doing something- W io stop the outbreak, 
and then to advise measures to prevent recurrence. ^ i 

“The public health detective on entering the community affected 
by tj^hoid fever (Joes not first examine the water-supply, the 
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milk supply, the sewaj^e disposal system, the markets, the hack 
alleys, the dairies, or^anythiiif!: else. He goes dlrecily to the bedsides 
of the patients. Of eourse he must obtain the names and addresses 
of the ])atients from someone -from the loeal health oflieer, if he 
has tlu'm; from the attending; physician, if the health officer has 
no list; from the lay citizens themselves, if no one else is immediatel\ 
available. The more complete the list, the faster he can work, 
because then he is not compelled to hunt np the cases personally, 
lint if there be no list, he begins making one hims(‘lf. Jlis inten- 
tion is to see jn.d as many patients as he can, for (‘a eh furnishes evi- 
dence and he wants it all. But he knows that it is not always 
necessary at this stage to see absolutely all the patients, so long 
as he sees the majority. 

“Ueaching the patient’s bedside, his investigation begins. 
Automatically, almost mechanically, he decides whether or not 
the ])atient has tyjdioid fever or not. Sati.sfied on that point, 
his first (piestion is not, ‘Tell me all the different w'ater sn))i)li('S 
you hav(' used, or all the sources of milk you have used.’ The 
first cpiestion is, ‘When did you first slunv the earliest symptoms of 
the disease?’ Why’;' Because this date once fixed, at which infec- 
tion entered the patient’s mouth is fixed also, v. c., a date between 
one and thrc'c wrecks ])revious to the date of the earliest symptoms. 
Bc'int'inber that at that stage the detective may not have even an 
inkling as to which of the usual factors water, milk, food, flies 
or fingcrs“-is involved. Still less can he guess wfiiich ])articuhir 
water snp])ly, milk supply, etc., of the many ])ossibl(‘ ones, may be 
the guilty one. But the answer to this question reduces possi- 
ble routes to those used by this patient not at any time -but during 
a specific, period, i. e., from one to three weeks preceding his date 
of earli('st symptoms. 

“Not yet, however, are the milk and water (piestions offered. 
The second question is ‘Where were you during that period?’ 
Wh\ ? Because if the patiimt were not in the community during 
that period, he could not have contracted his infection within it, 
and (loes not belong to the outbreak under examination at all but 
to somt' other. He is in brief an ‘imported ease,’ and while, of 
course, he is to be supervised lest he spread his infection to others, 
he cannot help to lof^ate the source of the main outbreak ” unless 
perchance he be himself that source, i. e., the introducer to the 
community of the original infection, If he be an imported case 
he is noted for further reference and the detective goes to another 
patient. If not, the questions continue. But not yet is wat(‘r 
or milk or flies mentioned. The third question is, ‘Were you asso- 
ciated during yonr period of infection with any then known typhoid 
case?’ Why? Because such association, especially if intimate, 
makes it more probable that the ease under examination received 
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liis infoctioii from the i)rc(‘C(liii^ ease, rather than frojn any <>;eneral 
route and that lie is, therefore, a ‘second.-Try ease.’ If he had 
siieli associations, this is noted for further refenmee and tin; invi'sti- 
gator passes on to another bedside. If not, the (piestions eontinne, 
and now at last take U]) milk, water, food, etc., hut of course only 
so far as to determine tlmse used by th(‘ patient durintj Ms hifrc- 
iion period. 

‘‘Then the iinesti^^Jitor ])asses to the next ])atient. What has 
he learned so far? Nothin'^ much yet. Hut he has narrowi'd the 
])ossible routes of infection to certain watiT supplies, certain milk 
supplies, c(‘rtain food supplies, etc., I. c., those used hi/ (he first 
patient duririij a certain period, and he has done this in thirty minutes 

in scarcely the time it takes for the old-style in\'esti^^ator to get 
his bottles ready to collect his first watcM- sample. 

“At the bedside of the second patient, tin* same iiuiuiries in 
the same order are made. If this second patient be an imjiorted 
case, or a secondary cas(>, he also is merely nol(‘d for futun; refer- 
ence. Tf he be a primary, however, the onTnn of his drinkin^^ water, 
milk, food, etc., during; his infection iieriod are also ascertained. 
Perhaps he coincides witli the first patient in every detail of alinumt- 
ary su|)plies, in history and iissociations. If so, nothin^i; much has 
been added to the dct(‘ctive’s knowled^m. Hut mon* than likely, 
dissimilarities have develo])(‘(l. Since the res|)onsible water suj)])ly, 
milk su[)ply, etc., must be one of those water supplies, milk supplies, 
etc., used- in cominon hi/ primari/ eases, all those* not common to 
lioth of these primary cast‘s may be elropped from consith'ration 
(except in nire instances of multiple routes). J hns, if both have 
used the same water, water from that eirigin remains as a possi- 
bility. But if the water supplies have been different, leater is 
eliminated from the (pu’stion entirch/. If the milk su])plies are 
identical, milk remains as a ])ossibl(5 route r)l iiilection; if not, 
milk is eliminated from the question eniireli/. 

In brief, provided the information obtained l)e reliable, and it 
is part of the public health detectiv(^’s training to distinguish at 
a glance truth from falsehood, the honestly mistaken, or forgetful, 
or stupid replies from the reliable ones and above all never to 
believe anything (to the extent of recording it) unless it is checked, 
confirmed and established as a fact, the modern investigator has 
in one hour narrow(‘d his investigation to a j)oint which the old- 
style investigator often vvoukl m^t reach for weeks. 

“And so from patient to patient the impury ])rocecds. In the 
course of the day the inv estigator has seen perhaps .10 patients, 
dhe tabulation (probably already made in his ovvui mind) shows, 
say, 3 imported cases, .5 se<?ondaries, 2 uncertain or indefinite. 
The remaining primary cases show in common, say, 1 water supply 
only, the milk, etc., varying; or 1 milk supply only, the water, 
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etc., varying; or no connecition except attendance at some oiu- 
social function. 

“Going straight to the route thus indicated, the public health 
detective quickly confirms the indications of his results. He knows 
that the route indicated must be the guilty one, for only that 
route can account for all the cases. He concentrates on that 
route until the evidence is complete— when and how that route 
became infected, when and by what sub-routes the infection was 
distributed, why it infected the patients found and not others, etc. 

“In this illustration I have assumed complete ignorance on the 
part of the epidemiologist as to everything connected with the 
community he is investigating, except what he finds by cross-exam- 
ining the patients. As a matter of fact, every epidemiologist, 
however much a stranger to the particular community he enters, 
begins to learn about it from the moment he enters it. 

“Thus, almost unconsciously he notes the size of the town and 
compares it with the number of cases reported as existing; if it 
is summer time he almost automatically notes the presence or 
absence of open toilets in the backyards, of manure piles and of 
garbage cans— all bearing upon fly infection. If it is winter time 
or the community be well sewered, he does not even consider flies. 
If the cases are grouped in one (luarter of the town, while the public 
water supply extends all over it, he tentatively eliminates the 
water supply before he asks a question. If good surface drainage 
and a sandy soil exist, or driven wells are chiefly in vogue, he 
tentatively eliminates well water— even before he registers at the 
hotel. 

“This is not and cannot be a complete synopsis of all the com- 
binations of circumstances which the epidemiologist meets. It is 
intended to illustrate his methods and to show why they are incred- 
ibly rapid and incredibly accurate— how they eliminate specula- 
tion and guarantee a correct splution—which means, of course, the 
achievement of the great end, the finding of proper measures for 
suppression. 

“As soon as the route is indicated, he must go to that route, and 
establish beyond peradventure that it was in truth responsible. 
A water supply cannot convey typhoid if typhoid fever discharges 
have not entered it. There is no object in attributing an outbreak 
to fly infection from toilets into which typhoid feces have not 
been discharged at such a time as to account for the cases. A 
milk supply, not handled at some point by an infected- person, nor 
adulterated at some time with infected extraneous matter cannot 
convey typhoid. Whatever his results, they cannot be true unless 
they are consistent— they should not be accepted unless they are 
provable— and proved. 

“If the public health detective is familiar with the community 
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where the outbreak occurs, includin<j: its water sui)])lies, its milk 
supplies, the sociological relatioiislii])s of its ])eople, etc., he can 
often tentatively determine the cause of the outbreak by a mere 
inspection of the names and addresses of ])rimary cases, especially 
if plotted on a map of the community, taking into account also 
the time of year, and other general ])oints. But such deductions, 
while often wonderfully reliable, can never be as conclusive and 
satisfactory as arc the results of an investigation by even a total 
stranger, if the investigation be conducted as above descril)ed. 
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CHAPTER XXX. 


sewa(;k and sewage disposal. 

Man early learned that both esthetie and sanitarv reasons 
(h'inaiid that sewaj^e lx; ])roperly treated. In the early history 
of the raee and also of a distriet the pit or treneh was used for the 
disposal of the refuse. Later this was lined with stone, brick 
or cement to ])artly prevent diffusion into the surrounding soil, 
and lienee the contamination of the Avell. This, when properly 
covered, became the cesspool which is largelv’ in use in the rural 
districts today. As population increased with its constantly 
growing volume of human waste the old methods becamt* inade- 
quate, and heme there has developed the modern sewage system. 

Source, Composition and Quantity of Sewage.^ A city’s sewage 
consists of th(‘ puldie water supply carrying human and animal 
excreta, refuse* from the kitchen, laundry, manufacturing estab- 
lishments and the dust and dirt of the streets. Its quantity is 
dire(‘tly pro})ortional to the consumption of water in the district. 
In small cities it may be as Ioav as forty or fifty gallons per capita 
daily, whereas in larger cities it may reach from 100 to 200 gjdlons 
or over; 

Its composition depends upon the density of population, the 
number and kinds of manufacturing establishments, and whether 
there is a separate or combined system. Where the combined 
system is used the composition and (piantity of the sewage varies 
with the rainfall and street washing. There is also a diminution 
in quantity and composition at night. 

Fuller gives the estimated amount of dry suspended solifls in 
the Ncav York (aty sewage per KKX) inhabitants annually as 
follows; 

Tons per 1000 
Inhabitants 


Material. annually. 

Feces 14 

Toilet paper and newspaper 8 

8oap and wa.shinKs 11 

Street wastes 8 

Miscellaneous . 4 

Total 45 


From the viewpoint of purification sewage contains proteins, 
carbohydrates, fats, soaps, urea and other organic substances. 
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The important elements present are nitrogen and siilpluir. 3Te 
quantity of these prescait determines the nature and repulsiveness 
of the resulting products. 

Bacteria in Sewage, 'hhe number and kind of bacteria in sewage 
varies widely with its eom])osition and origin. According to Fuller 
it contains 320 billion for each person connected with the sewer 
system. Johnson found B. colt to average about 000, 000 per c.c. 
He isolated the following s])ecics from the crude sewage of ( ’olumbus: 


Species. 

B. I 'uim faciens 

B. coll communis .... 

B. liq u id us 

B. 7ni:s(:utericus vul(jatus 

B. hruiinis 

B. hyalinus 

B. fuscus 

B. dcUcatulus 

B. pyocyanrus 

B. Jluorcscens 

B. circulans 

B. niMus 

B. xvcichsclbaumii .... 

B. sporoQcucs 

B. stdlalvs 

B. helvolits 

B. cereus 

B. chacic 

B. prolcus zcnkcri .... 
B. monadijormis .... 
B. aeris micinlissiums . • . 

AI. (ctraycnvs 7uohil'is rcntricidi 

M. casci 

M. alhirans ampins 

M. fcrvidosus 

Sir. coil gracilis .... 

Sir. cnterUis 

Sarcma alha 

Ps, turcosa 

Ps. ncbulosa 

Ps. ochracea 


Number of times 
found. 

. 21 
. 19 

8 
7 
1 
■A 
3 
3 


2 

2 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

I 

1 

1 

1 

1 

1 

1 

1 

1 


In addition to these, many of the pathogens may find thtJr way 
into sewage and survive for various lengths of time. 

However, the interest (‘enters more in the changes iiroduced by 
the various bacteria found in sewage than in the specific classes. 
Most of them are not only harmless, but of genuine irnixirtance 
in the economy of Natun; through the scavengering work which 
they accomplish. A few of them are dangerous on account of 
their causing certain infectious diseases. Many of them ])lay 
an important role in deccanposing sewage with the formation of 
malodorous gases and products associated with putrefactive 
nuisances. 

The modern tendency is, therefore, to classify sewage bacteria 
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from ii i)hysi()logiL‘al viewpoint. They may roughly be divided 
into four classes — liydroly zing, oxidizing, reducing and pathogenic. 

Fuller gives the estimated constituents of average sewage as 
follows: 


(Jrains p<!r capilu Parts per 

daily. million. 


Oxygen consumed: 

Two minutes’ boiling 

Five minutes’ boiling ... 

1 r. . 0 

22.0 

39 . 0 
j .58 . 0 

Nitrogen; 



Free ammonia 

7.0 

18.5 • 

Albuminoid ammonia 

2 . 

0.0 

Organic 

8.0 

21.1 

Total . 

17.5 

40.2 

Chlorin . j 

19.0 

! 50.2 

Fats i 

19.0 

I 50.2 

Dissolved matter; 



Mineral 

.58.0 

1 140.0 

Organic and volatile ! 

40.0 

: 100.0 

Total i 

98.0 

j 240.0 

Total solids: 



Mineral i 

1.52.0 

’ 402.0 

Organic and volatile j 

77.. 0 

203.0 

Total ^ 

229.0 

605.0 

Bacteria, 322 billion per capita daily. ; 

i 


Hydrolyzing Bacteria.— Probably most of the early changes which 
occur are hydrolytic, that is, the substance is caused to take up 
water, becomes unstable, and for some reason falls into fragments, 
thus often passing from a non-soluble compound of complex con- 
stitution to a simple soluble substance. 

Protein liquefaction belongs to this type of changes and is brought 
about by a great variety of bacteria working in conjunction with 
each other. The proteins are hydrolyzed by successive stages to 
proteoses, peptones, peptids, amino-acids and finally to ammonia, 
carbon dioxid, methane, hydrogen, etc. It probably corresponds 
in the main with the changes which have been considered under 
ammonification. The final products vary widely, depending upon 
whether the process is being carried on under aerobic or anaerobic 
conditions. The tendency is for it to partake more of putrefaction 
in the septic tank and decay in soil. 
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Cellulose fernientation, next to i)rotcin hydrolysis, is the most 
important work of bacteria in sewage i)nrifieation. raj)er, cotton 
fabric, wood and other cellulose-containing substances are rapidly 
attacked by various organisms with the production of soluble 
substances starches, sugars, acids and finally carbon dioxid, 
methane and hydrogen. 

Probably fewer organisms possess the power of saponifying fat 
than of liquefying proteins or hydrolyzing cellulose. For this 
reason and also due to the fact that the fat tends to rise to the 
surface out of the sphere of bacterial action, there is a great ten- 
dency for the fat to accumulate. At times this may accumulate 
around some solid and give rise to ‘^grease balls” which cause 
clogging of pipes. The fat which is acted ui)on by bacteria is 
broken into fatty acids and glycerin. The fatty acids are (^uite 
resistant to further bacterial activity, but the glycerin is ra])idly 
broken into simpler products. 

Oxidizing Bacteria.— The complex microflora of the sewage must 
have energy. This they get in a great degree from the oxidation 
of the comparatively simple products yielded through the hydrolysis 
of the proteins, carbohydrates and fats. These are changed prob- 
ably similarly to the acetic acid fermentation with the production 
of acids and finally carbon dioxid and water. 

The ammonia liberated through the deaminization of the amino- 
acids is oxidized by the Nitrosomonas to nitrous acid and by the 
Nitromonas to nitric acid. 

Reducing Bacteria.— The nitrites and nitrates formed by the 
nitrifying bacteria are in a great measure reduced to free nitro- 
gen through denitrification. The sulphur in the ])rotein molecule is 
liberated as sulphates, sulphur dioxid and hydrogen sulphid. The 
sulphate formed is reduced to hydrogen sulphid. This reacts with 
the small amounts of iron and other metals present with the result- 
ing black residue of metallic sulphids always found on the bottoms 
of tanks and streams in which sewage is decomposing. 

Each of these processes is going on simultaneously in sewage 
and the one is dependent upon the other, there being a true bio- 
logical cycle, as is p9inted out by Whipple. 

“The decomposition and oxidation of the organic matter in 
sewage are brought about by bacteria, and the bacteria serve as 
food for protozoa and other forms of microscopic animal life. The 
dissolved organic matter in sewage serves as food for algte. These 
algae and protozoa are, in turn, consumed l)y rotifers and Crustacea, 
while the latter form the basis of food supjfly for various aquatic- 
animals and fishes. Thus, there is a continuous biological cycle. 
Again, animal forms require oxygen and produce carbonic acid, 
while plants consume carbonic acid and produce oxygen. Where 
these processes occur normally and with a proper equilibrium main- 
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taiiicd betweon animal and plant life, oli’ensive conditions do not 
result, but wIkm-c abnormal conditions are produced, as, for example, 
1)}' the discharge of excessive (piantities of sewage or trade wastes 
into a stream, a dei)letion of the dissolved oxygen may follow, or 
there may be an overproduction of alga* so that the conditions 
become offensive. It is coming to be realized that in order to 
properly determine the dilution retpiired in any particular case 
the conditions retiuired to bring about this condition of biological 
ecpiilibrium must be determined.” 

Pathogenic Bacteria.— Owing to the origin and nature of sewage 
it may at any time contain ])athogenic bactc'ria. The ones with 
which the sanitarian is most concerned are the typhoid, cholera 
and dysenteria, but it is always possible for many other sffecies 
to find their way into sewage and from it cause infection. This 
is especially t rue of Ji. tuhrrculusis which is cpiite resistant to putre- 
faction. With the exception of the cholera and dysentery organ- 
isms, there is no evidence that they ever multiply in sewage, and 
they produce no ai)preciable change in its composition. 

The majority of the j^athogens soon die in sewage. The results 
as reported by Whi])])h‘ for tyi)hoid l)acilli are given in Fig. 44. 

The s])eed with which the typhoid bacilli disap])ear from water 
varies with tlu‘ vitality of the organism, the temperature of the 
water, the: organic matter, and the bacterial antagonism exerted 
by other organisms. Typhoid bacilli .seem to die more quickly in 
sewage than in fairly ])ure water, probably because of the great 
bacterial antagonism existing. Furthermore, the absence of 
oxygen probabl}- plays an important part, as Wliipple found oxygen 
necessary for longevity of typhoid bacilli. Jordan thus summarizes 
our present knowledge of the longevity of typhoid bacilli: 

“Laboratory exi)eriments have shown that the typhoid bacillus 
can survive in st(Tile water in glass vessels for upward of thr(‘e 
months, and for possibly two or three weeks in unsterilized ground 
or surface water. Other evidence indicates that the bacillus is 
{d)le to travel in water a distances of at least 140 kins., and to retain 
its vitality in natural bodies of water for at lea.st four or five days. 
It is possible that water may continue to be the^vehicle of infection 
during a much longer period, but the availalile data point to a 
comparatively short duration of life of the specific germ in the 
water of flowing streams. Under ordinary conditions no multi- 
plication of the typhoid bacillus takes place in water, even when 
a considerable amount of organic matter is jiresent, but, on the 
contrary, a steady decline in numbers goes on. The history of 
typhoid epidemics tends to show that sewage pollution is to be 
feared chiefly when the sewage is fresh, and that the danger of 
infection diminishes progressively with the lapse of time. 

“In soil in the fecal matter of privy vaults the duration of life 
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of the typhoid haeilhis is much loii|:?cr than in water. T/Cvy and 
Kayscr found typhoid bacilli in soil tliat had been manured fourtecMi 
days previously with the five-months-old contents of a vault. The 
evidence that any genuine multiplication can take i)la(‘e in the 
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ing of bacilli out of soil in which they may have lain dormant for 
many months. The persistence of typhoid fever around certain 
habitations may be plausibly explained on the supposition of an 
extensive soil infection. There is no doubt that the practice of 
using human excrement for manuring vegetable gardens entails 
a danger no hxss real because often unrecognized.” 

Necessity of Sewage Disposal.— Sewage is obnoxious to the senses 
because of its appearance, and especijdly because on decomposing 
it yields malodorous compounds. It is usually considered that 
hydrogen sulphid is the main offender, but indol, skatol, cadaverin, 
mercaptan and some other compounds are considerably more 
repulsive and exist in sewage. 

More important still is the fact that sewage contains bacteria 
which have come from persons sick with typhoid fever, dysentery, 
tuberculosis and other diseases, as these may reach the food or 
water of healthy individuals and thus give rise to epidemics. Statis- 
tics show that the abjindonment of ])rivies and the substitution 
of a good sewerage system have greatly retluced the general death- 
rate in many a city. 

What Should be Accomplished in Sewage Disposal— The sanitary 
engineer attempts to dispose of sewage as rapidly as possible, with 
the least nuisance to the smallest number of people, with the least 
damage to health or property, and at the smallest cost. Sewage 
can be made entirely harmless only by the complete destruction 
of its organic matter and bacteria. A complete purification is 
not attempted normally as the plant recpiired for such would be 
so elaborate and too expensive. Moreover, practical experience 
has shown this to be unnecessary. 

Methods of Disposal.— The method selected for sewage disposal 
will vary with the district, location and means at the disposal of 
the sanitary engineer. However, in all cases he must keep in 
mind convenience and public health. In rural districts the well- 
constructed cesspool may of necessity be used, whereas in the 
urban district this may not be tolerated. One of the readiest 
methods, and the one which until the last few years has been uni- 
versally used in this country, is to allow the sewage to flow without 
treatment into the nearest stream, lake or harbor. This is very 
successful as long as the quantity is not excessive, the dilution 
great, and the receiving water is not used by other communities 
for drinking and culinary purposes. Where this method is used 
the dilution should be great. The Chicago drainage canal was 
designed on the basis of 3.3 cubic feet per second for 1000 people. 
The efficiency of purification, however, varies with the nature of 
the sewage. The presence of trade wastes, especially those of an 
oily nature, which float on the surface, may form scums which 
interfere with the absorption of oxygen from the air. Rapidly 
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flowing streams, on account of their absorption of oxygen, tend to 
purify themselves more rapidly than do slower ones. Cold water 
holds more oxygen than does warm, and fresh than salt water; 
hence, there is a greater tendency for oxidation in cold fresh waters 
than in warm or salty waters. 

There is, however, a growing demand that sewage he treated 
before it is thrown into streams or lakes. This may be done by 
various methods, such as sedimentation, sub-surface irrigation, 
broad irrigation and other means. For a description of each 
together with its relative value the student is referred to any 
of the standard works on sewage. 
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MILK BA("rERIOL()(;Y. 


Anoi 'i' ten billion j^allons of milk arc ])ro(lucc(l annually in th(‘ 
Lnited States, one-fourth of wliieli is eonsiimed as milk and tla* 
other three-fourths as butter and cheese. The quantity of milk 
eonsumed \’aries in different localities, bein^ ^rejiter in the Xortli 
than in the South and ^j:reat.er in the country districts than in the 
city. It also varies with different classes, as seen from a survey made 
by Williams of fifteen sections of Roehester, New York, lie found 
that the average consumption of milk by 21,()()0 individuals was 
little more than 0.24 j)int per ea])ita. FurtluTiuore, he found that 
the poor not only used less milk and bought it in smaller (piantities 
than the well-to-do, but the u.se of store milk and of condensed milk 
was largely eonfined to the laboring classes. In other words, the 
])eople who most needed to be careful in their buying used smaller 
quantities of the ehea])est food which they bought in the most 
expensive manner. It is usually stated that about 10 per cent, of 
the a^'erage dietary in the rnited States consists of milk and milk 
products, y(‘t the average daily consumf)tion ])er ca])ita of milk as 
such is only 0.0 pint, which is about half what it should be. 

Milk as Food. ^ Milk has been regarded from the earliest times as a 
most im]3ortant article of food, and although little was known as to 
its chemical composition previous to the eighteenth century, the 
ancients attributed many and peculiar hidden virtues to it. 

Cood whole milk or skimmed milk are among the best and cheap- 
est of foods, (iood fresh milk is all but essential to the welfare of 
young children, and to the babe that for any reason is deprived 
of its mother’s milk, cows’ milk is practically indispensable. The 
reason is due to its composition. The composition of human and 
cow’s milk is as follows: 


Human milk 
Cows’ milk 


Fat, 

per cent. 

2 - 4 

3 - 6 


Laotuae, 
per cent. 

6 . 0 - 7. 5 
3 . 5 - 5.0 


Prot(?in, 
per cent. 

0 . 7 - 1. 5 
2 . . 5 - 4.0 


Aah. 
per cent. 

0 . 1 5 - 0.. 30 
0 . 66 - 0.77 


Besides these substances both cows’ and mothers’ milk carry 
organic substances which contain little or no nitrogen, one of which 
is soluble in ether and alcohol, the other in water. The true chemical 
nature of these is unknown. The amount of these substances in 
human milk at the beginning of lactation is about 1 per cent.; in 
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the middles ])eriod of lactation about 0.5 per cent. ( 'Ows’ milk at 
the middle of lactation contains about 0.3 i^er cent. 

It is usually stated that one quart of milk is about equal in food 
value to any one of the following: 


Salt (,’od(isli 
b'reah fiah 
C'hickcn 
Beets . 
Turnips. 

Butter . 

Wheat Hour 
Cheese . 

Lean round beef 

lh)tatoes . . 

Spinach 

Lettuce 

('abbage 

EKfiS . . . 


2 pounds 
l> po\inds 
2 pounds 
4 pounds 
h pounds 
pound 
■) 1)011 nd 
}i pound 
{ pound 
2 pounds 
(> pounds 

7 pounds 
4 iMUinds 

8 pounds 



Fig. 44. — Composition of cow’s 
investigation, Boston Chamber of 
Milk Problepa.) 


milk, showing variations. (Report on milk 
Commerce, 1915.) (MacNutt, The Modern 


This, however, considers milk only from the total calories yielded. 
Digestibility and assimilation must lie considered as well as chemical 
composition and caloric value; when this is done milk ranks even 
higher than suggestec} by the foregoing, Moreover, rodk h^is other 
24 
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functions and furnishes essential constituents to the ^rowinj^ animal 
wliich is not furnished by many other foods and which cannot Ix' 
measured in heat units. It contains “vitamins” or “accessories,” 
su})stances belonging to a groiij) of agents which are widely dis- 
tributed in nature and which are now regarded as essential factors 
in diet. 

Hopkins clearly demonstrated that the feeding of ^'ery small 
(|uantities of milk to rats which had been living on a diet inadeqmi t(' 
for normal growth brought about a rapid growth in the animals. 
Moreover, Osborne and Mendel in their extensive experiments on 
the growth of animals have for several years been em})loying 
“protein-free milk” as an indispensable ingredient of their l)asic 
diet to which c(‘rtain isolatc'd food substances are added, ddiey find 
that no artificial imitation of this natural mixture has been devised 
to re})lace it satisfactorily for considerable periods of time. Thi' 
weight aiul liealth of adult rats can be maintained for many months 
on a ration consisting of ])rott‘in, starch, sugar, protein-free milk, 
and lard. Young animals kept on this mixture decline after a time. 
If, however, butter is substituted for the lard gnjwth is resumed. 
The active constituent is the fat soluble vitamin of the butter in 
contrast to the water soluble actes.sories present in the protein-free; 
milk. Ordinary skimmed milk contains both the fat-soluble and 
water-solub](‘ accessories. The influence of milk and sour milk upon 
the growth of chicks is seen from the following summary of a 
great many tests rmide by Rettger: 

Gain per chick, Pounds. 


Fed sour milk 0.48 

Fed sweet milk 0.44 

Given no milk 0.39 


Moreover, individuals who have* lived to (‘xtreine old age ha\e 
used milk in some of its forms. Heveral Freneh laborers whose diet 
consisted largely of milk lived to be one hundred and ten years or 
over. There are also authentie; records of a number of individuals 
in the Balkans, Persia, Arabia, and in the Caucasus Mountains who 
have reached extreme old age, whose main diet was milk. 

Scientists have long studied the habits of these centenarians and 
their diet was found to contain large quantities of sour milk. Metch- 
nikoff attributes their long life as due to specific bacteria taken into 
the alimentary tract with the sour milk, and the organism, Bacilhw 
hulgaricus, is sometimes known as “the bacillus of long life” and is 
often used by the physician in combating certain digestive disturb- 
ances-" sometimes with good effects and at other times without. 
The cause of these failures is only at the present time being fully 
understood. 

I'A^en the acid-forming bacteria cannot gain the ascendency when 
growing on a protein-rich diet, but if grown on a carbohydrate diet 
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soon produce sufficient acid to check, if not kill, the putreficrs w liich 
^nve rise to ptoniaines. 

Milk undoubtedly owes its beneficial action to its lactose which 
is slowly absorbed and hence regulates the biochemical changes 
which take ])lace in the lumen of the intcstiiu's. Hull and Rcttger 
have conclusively demonstrated that a high lac'tose diet markedly 
influences the intestinal flora of man. 

Hence, nothing should be done or said to decrease the consump- 
tion of milk, but much should be done to see that the milk consumed 
is pure, clean, and free from disease-producing bacteria. For although 
milk is one of the cheapest and best of foods it is resi)onsible for 
more sickness and deaths than perhai)s all other foods coml)incd. 

Classes of Milk.- Milk is often roughly divided into three classes, 
depending upon the care exercised in its jmxluetion and handling - 
certified milk, inspected, or guaranteed milk, atid common milk. 

Certified milk has no unusual properties other than those of 
exceptional cleanliness and purity, ft is milk which has btxm pro- 
duced according to the regulations and under the su])er\ ision of a 
medical milk commission. The cows from which the milk is ])ro- 
duced are tuberculin-tested. The stable and cows arc kci)t extremely 
clean and no dust is allowed in the stable at the time of milking. 
Small-top sterilized pails are Tised. 'rhe cows arc carefully groomed 
long enough before milking to let the dust settks The cow’s mhh'r 
and flanks arc washed just before the milking. The milker wears a 
white suit and washes his hands before milking each cow. d’he milk 
is cooled either before or aft(‘r bottling. Tlu* ca])s arc .so constructed 
that they completely cover the top of the bottle, and many dairies 
use a double cap. The (*aps are sterilized before use and the milk 
is kept cool during transit. The number of bacteria should not 
exceed 10,000 per c.c. of milk. Moak gives tin* averagm count of 
321 samples of certified milk delivered in Brooklyn during 1010 as 
4095 bacteria per c.c. 

Such milk is as near pure as it is possible to produce it on a com- 
mercial scale, and although it is required that it be delivered to the 
(‘onsumer within thirty hours after production, yet it will keep for a 
great length of time. At the Paris Exposition in 1900 certified milk 
from the United States, to the astonishment of the judges, was 
placed on exhibition in perfectly sweet condition after a journey of 
fourteen to eighteen days, or 3000 to 4000 miles, in midsummer. 

It is probable that in none of our hirge cities does the pnaiuction 
of certified milk exceed 1 per cent, of tlie total supply. This is due 
to the greater price which must be charged for such milk, and the 
tendency at the present time is to produce ji high grade of milk 
under less ideal conditions which can be sold at a more moderate 
price. 

This is being met in the selected, inspected or guaranteed milk 
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which is being placed on the market. This is milk produced from 
herds free from tuberculosis and w'hich are housed and cared for 
under good sanitary conditions. Nearly as great (*are is taken in 
its production as in that of certified milk. Some milk so j^rodm^ed 
compares favorably with certified milk. 

Ommon milk is all milk not classified under tlu^ i)rc(‘ediiig 
heads and may vary iit microbial content from a few thousand to 
many millions. The number and kind vary with the diirerent 
dairies which ])roduce the milk and often with the city or state in 
which it is ])roduced, depending upon the nature of the law and tlu' 
strictness with which it is enforced. 

The number of bacteria reported by Hill and Slack for Boston 


milk is given below: 

Per cent. 

Below 100,000 l)acteria per c.e 41’ . 00 

Between 100,000 and 500,000 per e.e 29.75 

Between 500,000 and 1,000,000 per c.c 9.75 

Between 1 ,000,000 and 5,000,000 per c.c 12.75 

A bove 5, 000, 000 per e.e 5 . 00 

Uneountahle plates 0.75 


Bacteria in Milk. - Milk is one of the best foods for ma n. It is also an 
excellent food for baettaia, as is seen from the facts that millions arc 
often found in a few drops, and in many cases th(‘ bacteriologist finds 
it one of the best mediums on which to grow his laboratory cultures. 
Therefore, milk should be protected from substances which contain 
bacteria, es])ecially the disease-producing ones. It is the methods 
by which they enter and the s])eed witii which they multiply tliat 
we want to consider. But it should be stated at the outset that large 
numbers of bacteria in milk indicate dirt, lack of refrigeration, or 
age. 1 1 may or may not contain the germs of disease, but there is the 
possibility. So milk with a high bacterial content is not necessaril}' 
harmful, but when used as a food- particularly for children -is a 
hazard too great to be countenanced, or, as stated by Conn : “ ( lood , 
clean, fresh milk will have a low bacterial count, and a high bacterial 
count means dirt, age, disease, or temperature. A high bacteihd 
count is, therefore, a danger signal and justifies the health officer in 
putting a source with a persistently high liacterial count among the 
class of unwholesome milk.” 

The number of bacteria occurring in milk varies with age, initial 
contamination, the care with which it is handled and kept, tempera- 
ture, and age. Milk may contain only a few or millions in each drop, 
or some market milks at times contain as many, but not as danger- 
ous, organisms as sewage. 

Initial Contamination. —The source of bacteria in milk are: (1) 
Intramammary, (2) introduced during milking process, (3) from 
milk utensils, (4) from the use of special milk apparatus, (5) con- 
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lamination in transit, (0) contamination on sellers’ or eonsnmers’ 
premises. 

Milk as it is secreted is a sterile fluid, but it is fairly well estab- 
lished that as it is excreted from the udder it is not sterih*. ITardiii}^^ 
and Wilson examined 1230 samples from the udders of 7S cows 
which showed an average of 42S bacteria ])er e.e. The* numbers vary 
widc'ly with diflerent cows, some yieldinj^ milk with as few as 25 jx'r 
e.e., whereas others yielded milk with bacterial contents u]) to 1 ()(),- 
000. The orfjjanisms obtaine<l from the ht'ulthy iidd(‘r are non- 
patho^enie and are almost invariably stajfliyloeoeei, strej)toe()eei, 
and other forms of cocci. Tt is regarded as certain that the origin 
of these bacteria is from the outside of the teat. They find tlu'ir 
way in through the orifice of the teat and extend u]) th(‘ milk column, 
thus infecting the milk cistern and ultimately the ramilications of the 
milk tubes tliroiigh the udder. The work of Savage makes it ai)pear 
that the number found in freshly drawn milk is determined by the 
numbers entering the teat, and the selective action of the specific 
animal. 

The l)acteria introduced during the milking ])roc(‘ss are derived 
from ((f) the coat, udder, and teats of the cows, (//) from the milking 
shed and clothes of the milker, and (c) from the hands of the milker. 
It is impossible to produce clean milk from cows, the eolor of which 
cannot be distinguished even a few rods away Ixaaiise of the filthy 
condition of their coat, h’ven where th(‘ animal is in a fairly clean 
condition the wiping of the udder just before milking greatly reduces 
the numb(‘r of bact(‘ria. in the milk. An avi'rage of thirtern (‘X])eri- 
ments at the Storrs FAperiment Station yi<‘ld(‘d the following 


results: 

HiicliTiii ill niilk 
per 

Unwipod uddf'i's 

Wiped udders . 71(i 


Deereiiso du(‘ lo willing 

Numerous investigators have shown the jm'sence of l)act(Tia in 
large numbers in cowvsheds, and many iridividuals have seen stables 
or milk houses in wdiich each beam of light jaissing through the 
crevices seems to be filled with myriads of dancing specks. These 
dust particles carry bacteria and will increase the bacteria contemt 
of milk. How'ever, recent work at the New York and Illinois 
Kxperiment Stations has demonstrated that under fair ccuiditions 
this is a negligible factor. 

Then the hands of the milker may not be (piite clean, or perchance 
they have come in contact with disea.se germs from his own or some 
one's else body, and these may find their w'ay intc) the milk and at 
times multiply with an enormous rapidity. 

The influence of the milker in adding bacteria is clearly illustrated 
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by the following experiment reported by Stocking. The average of 
19 tests with two milkers, one who had had no training in <lairy sanita- 
tion, and one who had, showed 17,105 bacteria per c.c. for the 
untrained man and 2455 for the trained man. The only difference 
was the knowledge possessed by the trained man. 

Even more important than the surroundings in contaminating 
milk are the utensils. Many buckets are wrongly constructed or 
not scalded each time so that every seam contains hidden awa\ 
millions of bacteria. These immediately grow on reaching the 
fresh, warm milk. Then the strainer may contain a good seeding 
of bacteria. It would be a great step in advance could the strainer 
by some means be done away with, for then greater care would be 
taken in the production of milk; otherwise, it would b(^ unsalable. 
The condition is somewhat similar to that which existed when it was 
first suggestt'd that Inead be wrapp('d. Tlu're was a bakt'r’s con- 
vention and the subject had come uj) for consideration and the 
members liad ])ra{*tieally agreed that all bread offered by tlieni should 
be wni])])ed, when an old vx'teran arose and said, “If we wrap our 
bread in white ])aper and handle it as we do now the pa])er will l)e 
so dirty that when it reaches the consumer he will refuse to Imy.” 
So it is with milk; if it had to l)e .sold in the condition in which it 
comes at times from the barn, it would Ix' refused. Not that the 
strainer reduces th(‘ number of bacteria in the milk, for it does not. 
It only removes the particles which are visible to the naked eye after 
they Inu e been washed nearly fr('(‘ from bacteria. 

Erucha and coworkers studied the influence of all the utensils 
thiit normally come into contact with the milk both at the barn 
and at the (fairy. . They found that when they were all carefully 
steamed the; germ content of the milk in th(' bottles was about 45()t( 
bacteria ])(‘r (‘.c. When similar conditions obtained, except that the 
steaming of the utensils was omitted, the germ content of the milk 
approximated 257,240 bacteria ])er e.c. 

Of all the various utensils coming into contact with the milk at 
the barn and at the dairy, it was found that the clarifier and the 
bottle-filler, w4ien unsteamed, proved to be the most prolific sources 
of contamination. 

It would, therefore, seem that, the mo.st important factor in 
producing good milk is the scrupulous cleanliness of the milk uten- 
sils and not so much surroundings, as has been so much taught in the 
past. 

It is difficult to accurately measure the contamination in transit 
and on the .sellers’ premises, but it is quite evident that at times it is 
large. Orr reported average increa.ses as high as 22.7 per cent., 
w^hereas it should be zero under ideal conditions. 

Growth of Bacteria in Milk.— Saprophytic and many pathogenic 
bacteria multiply in milk so that the number found in milk is 
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governed, in addition to the factors considered jil)ove, ])y agt^ and 
temperature. The influence of temperature is illustrated hy the 
following: 


Temperaturo 



maintained for 

Haeteria per e.e. at 

Hours to eurdl 

twelve hours l'\ 

end of twelve hours. 

at 70 " F. 

40 

4,000 

75 

4.5 

9,000 

75 

50 

18,000 

72 

55 

.18,000 

49 

GO 

45;i,000 

l.'l 

70 

.8,800,000 

.82 

80 ‘ . 

5.5,:400,000 

28 


All of these samples at first contained the same numher of bacteria 
but were ke})t for twelve hours at the difl'erent temj)eratures and 
then all maintained at the high temperature. Wi; find o\er ten 
thousand times as many bacteria at the end of twelve hours in the 
sample kej)t at a high temjxTature as the one kept at a low. 
Although the difference in temperature was maintained for only 
twelve hours, the milk at 40° kept three times as long as did t hat at 
80°. 

Changes Produced in Milk by Bacteria. The changes occurring 
in milk arc governed by the specific bacterial flora which it (‘ontains 
and the temperature at which it is kept. Normal clean milk, it 
kept at a temperature of between 10° and 21° passes through a 
sequence of changes which can he dividial into four stagers. 

Fird Stage.— W g first of these is known as the germicidal stage, 
and lasts a few hours after the milk has been drawn from the lulder. 
During this stage there is a decrease in the number of orj,ninisms, 
as shown by the plate method. The extent of this decrease' varies 
with the milk of different cows and the temperature' at which the 
milk is kept. The higher the temperature, the me)re marked the 
elecrease, the sooner the enel e)f the germicidal period is re'ae'hed. 
There is a great difference in opinion among bacteriologists eam- 
cerning the nature of the phenomenon. vSome would account for 
it on the grounds that milk is a favorable (mltural media for many 
bacteria, but not all. The ones for which it is unsuited rapidly 
die oft*. Others consider that the milk, like the blood and many 
other body fluids, possesses bactericidal power which is very weak 
and soon lost. Rosenau and McCoy, however, consider that the 
bacteria are agglutinated and not killed. On plating, the clump 
gives rise to the colony in place of each individual organism, as is nor- 
mally the case. 

This germicidal power is lost on boiling the milk or heating to a 
temperature of 80° (k, and some have urged this as an objection 
against pasteurization, but in the “holder” process this is not a 
warranted objection. 
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Sec(md Stage. ~Th\s staj;e extends from tlu; end of tlu; germicidal 
period to the time of curdling. There may he a gradual incriaisi' 
during this time of many species, but the predomiiiatiiig ty])es arc 
the Bad. ladl^ acidi. These rapidly produce lactic acid which 
exerts a su])])ressing influen(*e on many s])ecies. When the milk 
rea(‘h('s an acidity of .75 to .80 per cent, it usually' curdles. The lactic 
acid orgaiiisins seldom produce more than 1 .25 per cent. acid. 

Third Stage. This stage extends from the time of curdling until 
the neutralization of the acid. The acidity becomes so great that 
the action of the lactic acid bacteria is checked arid their number, 
which at first may be as high as 100,000,000 ])er c.c., ra])i(lly 
decreases. The predominating s])ecies l)ecome ()tdiuiN laetky certain 
species of molds and yeasts. The proteins are broken down with 
the formation of ammonia which neutralizes the acidity. 

Fourth Stage.— 'Y\\q li(]uefying and peptonizing biicteria which 
remained inactive in the sour milk find suitable conditions in tlu' 
alkaline media for their growth, d’hey rapidly decomi)ose th(' 
casein. 

Abnormal Changes in Milk.— At times foreign undesirable organ- 
isms find their way into milk imd protluce abnormal and objectionable 
(‘hanges. The B. eoli eommunis and the Baet. laetle aerogene.s' ty])('s 
produce considerable gas and disagreeable odors and flavors in the 
milk. B. lactu vhsco.nus i)roduces a slimy or ropy condition of the 
milk. The slimy condition is supposed to l)e due to the mucin con- 
taining capsule which surrounds these bacteria. Milk nniy be normal 
in color when first produced, but on standing may turn blue due to 
B. cyarwgenes or red due to B. erythrogenu.s- or B. yrodigiosus. At 
times a bitter taste develops in milk some time after it has been 
drawn from the udder. This, according to Conn, is diie to a micro- 
coccus. 

Although these changes are very objectionable when considered 
from the standpoint of the dairymen, they are not known to be the 
cause of illness. However, when milk putrefies with the production 
of a bitter alkaline milk illness often does result from its use. This 
may be due to the poisonous action of the i)tomaincs which it con- 
tains, or probably more often to the bacterial infection. 

Classes of Bacteria.— The bacteria found in milk are a hetero- 
geneous lot but, according to Hastings, may be roughly divided 
into five classes, as follows: 

1. Acid-forming Bacteri a. -^'Thura are constantly present in milk 
many acid-forming bacteria. These vary in morphology, cultural 
characteristics, and products of fermentation. They may be divided 
into five groups. The number and kind vary greatly in milk, 
depending upon the methods of handling. 

(a) The most important organism of this group is Bad. lactic 
acidi. The group, however, includes a number of organisms. They 
produce no gas, a mild acid flavor, and are desirable. 
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{h) The best known representatives of this i^roiij) are B. coll 
covimunis and ‘Bad. ladis arra(frti(‘.s\ ddiese organisms e to milk 
a sharp tan^ and are the partieuljir eneini(‘s of the eheese inakca* as 
they are the cause of j^assy eiird. They are especially niunerous in 
milk which is ])rodueed and handled under unsanitary eonditious 
and in such milk outnumber those of (Jrou]) a, but tlie rapid growth 
and acid production of (Jroup a soon cheeks them. 

(c) This is rt‘])resented by Badllus f)nl(fanca.s and th(‘ rod-shapt'd 
orf^anisms which have been especially studied by de Freudenreich. 
d'hey produce a curd which is easily broken by sha.kinj( and shows no 
tendeney to express wiiey. They ^iv(‘ to the milk a i)lensant acid 
flavor and are desirable. 

id) A(‘ld~formin(/ Udder 7iac/erm..- -These are the characteristic 
bacterial flora of th(‘ healthy udder and consist mainly of cocci with 
few bacilli. They are slow growers and may curdle milk, but the 
curd so formed r('seml)les that formed by rennet. Tlu'y ])roduce 
acetic, propionic, l)utyric, and caproic acid i)Ut no lactic acid. 
They are an unimportant group of organisms, so far as th(' milk 
is concerned. 

2. Peptoahing B a deri a. -Thv^v organisms digest the casein 
either with or without coagulation at times with the formation of 
an alkaline reaction. ]Most of tlu'se arc bacilli of various shapes 
and siz('s, soiiu' of tluan being the largest organism found in milk. 
ITere are both motile and non-motile varieti(‘s. Many develop 
very strong putrefactive' odors. Harny or cowy odors an* causeel by 
this type of bacteriii. They are all undesirable and th<‘ir presence; 
in milk inelicates unsanitary ce)nelitie)n eef ])re)eluctie)n anel liaiielling. 

3. Baderla Prodaeiag Milk of I na.siad Pharadrr. ()e'e‘asie)nally 
l>jie‘teria which ])reKlue‘e abne»rmal changes e)r se)-calleel ‘elisease's 
of milk find their way into milk from une'le'au snrrounelings. They 
})re)duee various epu'cr milks, for ('xainple', re'el, blue, anel gre-eii. 
Seunetimes milk elcvelops a bitteriu'ss after it is elrawn. This is elue* 
to the proehu'ts from a number e)f bacteria anel yt'ast. .Vt e)t her times 
milk is ehangeel te) a, slimy or ro[)y consistency anel may at times 
result in eemsiderablc e'cemomic le)sses. 'ITese' e)rganisnis are epiite 
resistant to heat anel freque'iitly pass iminjuicei threnigh the' orelinary 
methexls of cleaning and scaldings. Ik'cause eef this, elirty utensils 
once infected become a constant source of infectie)n. 

4. Inert Organisiiis. -These are* me)stly cocci which pre)eiuce no 
appreciable change in milk and are' unimportant. 

5. Pathogenic Bacteria, d'hrs class ce)nsists e>f the ])athe)genic 
bacteria, B. dif.mderuv diiga, B. djifsenfcnw Jle.t:ner , B. typhofnis, B. 
paratijphosus a. anel B. i>aratypho.su,s /3., V. choJerw, Bact. diphtheruc, 
Bad. tuherculosw, Ji. lactimorbunic meliten.'tlH. These organisms 
produce no perceptible change in the milk in whie-h they grow but 
are dangerous and may give rise to epidemics. 
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MILK AND DISEASE. 

Although milk is one of the cheapest and best of foods, yet it is 
responsible for more sickness and death than perhaps all other foods 
combined. The reasons for this hav(‘ been summarized by Rosenaii 
as follows: 

“1. ITaeteria grow well in milk; therefore, a very sli^,dit inft'ction 
may j^rodiice widespread and serious results. (2) Of all foodstuffs, 
milk is the most difficult to obtain, handle, transport, and deliver 
in a clean, fresh, and .satisfactory condition. (8) It is the most 
readily decomposable of all our foods. (4) Finally, milk is the only 
standard article of di(*t obtained from animal sources consumed in 
its raw state.” 

Diseases conveyed throu^^h milk are of two classes: (1) Definlt(‘ 
diseases of animal origin- tuberculosis, foot-and-mouth disease, 
malta fever, and anthrax, and indefinite ailments as diarrheal infec- 
tions and probably contagious abortion. (2) Diseases of human 
origin -typhoid fever, paratyphoid fever, di])hth(‘ria, scarlet fever, 
tuberculosis, .se}>tic .sore throat, and possibly others. 

Sources of Infection.- Infection of bovine origin is very common, 
csjiecially in the case of tuberculosis wherein the animal is suffering 
with o|)en cases of this di.sease and the organism gets into the sur- 
roundings from the resi)iratory or alimentary tract. Extreme care 
in the milking process may decrease the infection from this source, 
but not so in the case of tuberculosis of the udder, which probably 
accounts for the main cases where the tubercle bacilli find their way 
into milk. 

As a rule milk becomes infected from human sources. This may 
be either direct or indirect human infection. 

Direct human infection may come from a person either suffering 
with the disease or carrying the infective organism. The more 
common are the following: 

1. The most congnon method is where the milkers or other 
handlers of milk are suffering with a communicable disease in a mild 
unrecognized condition. 

2. A second common source of infection is where the milker or 
vender of milk has been brought in contact with sufferers of com- 
municable diseases and still attends to his regular work in the hand- 
ling of milk. 
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3. A third and pr()l)al)Iy very important soiircc of infcetion comes 
from carriers who work on the farms, in dairies, or otlu'r j)laccs 
where milk is handled. 

Indirect human infection comes \nr^e\y from tlic use of iiih'ctcd 
water which is used in the washing of buckets, bottles, and otlua* 
milking utensils. (\)ws often have access to i>olInted water and 
infection from this source may find its way into the milk from Ix'ing 
on the body of the animal. 

Character of Milk-borne Diseases. —Milk-borne diseases ha\(‘ 
characteristics which greatly assist the epidemiologist in his work. 
The most important are the following: 

1. The cases usually follow the route of the milkman and it is 
often i)ossible to plot his route from th(‘ cases of the specific disease. 
There would thus be the inhabitants of liomcs where the iiifeetcd 
milk is used suffering with the disease, while maghbors who use 
other milk escape. There may be many purchasers of tiu' infected 
milk who may escape, but when careful impiiry is made it is found 
consumers of the implicated supply furnish a much higher jiereentagc 
of cases than does the ri'st of the community. The smallest ])cr- 
centage invasion of households is met with in scarlet fever outbreaks. 
But this is easily cx])laincd when one considers the number of missed 
eases in this disease. 

2. The outbreaks from infected milk are usually (‘xjilosive. 
Sometimes the majority of the cases occur within a few days of ('aeh 
other. Usually there is little secondary infection and the decline is 
rapid on removal of tin? source of infection. The eiiidemie at Stam- 
ford, Ctuinecticut, in 1893, is a good example. There were 38(1 
cases of typhoid fever and 22 deaths in th(‘ period from Ajiril 15 to 
May 28. There were 17(1 persons striekim during the first week. 

Although the explosive type of epidemic is usually eharaeteristie 
of milk-borne outbreaks, yet Parker jioints out that the smoldering 
kind may be very commonly due to infected milk. 11c cites as an 
example the experience of IIill.of North Branch, Minnesota, where 
one of the physicians pointed out that in his sevamteen years of 
practice during the first twelve there was no tyi)hoid f(‘ver, l)ut in th(‘ 
last five years native cases of unknown origin had l)cen frctpicnt. 
Acting on this information, a list of 21 cases of typlioid fever that 
had appeared in the town in the last five ytxars was made, and 
inquiry showed that seventeen of the patients were regular (‘usto- 
mers of a dairyman who came to town five ye^rs before, two others 
were irregular customers, and two others may have used milk from 
his dairy. It was learned that the w ife of the dair^nnan, w ho washed 
the cans, had suffered with typhoid fever tw'cnty-two years Ixifore 
and gave a positive Widal reaction, but typhoid bacilli were not 
isolated from her stools. She was forbidden to have anything more 
to do with the dairy and the proprietor was told that if another 
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primary case developed amon^? his customers his dairy would Ix' 
closed. Humors of the affair spread through the town and his 
customers left him and the family moved away, after wliicli ther(‘ 
was no more typhoid fever. 

3. It frequently happens that the better class suffer mon^ than 
do the poor, as they can afford more' milk and list' it more freely. 

4. There is a special incidence among milk drinkers, there fre- 
quently being an iialividual who dislikes milk escaping, whereas 
the remainder of the family is attacke<l. 

f). Women and children are more often victims in milk-boriic 
typhoid than are the adult male population due to their use of raw 
milk. 

(). The r(' is some evidence Avhich indicates that the incubation 
period is shorter and the mortality lower in milk-borne epidemics 
than in others. 

The mild character of the disease is usually attributed to tlu* 
attentuation of the j)athogenic properties of the microorganisms 
through their growth in milk. 

7. IMilk epidemics of typhoid s])read over a rather short milk ’ 
route, whereas when milk is brought from a considerable distance 
there is not the likelihood of infection, thus indicating that typhoid 
germs tend to disappear from milk under certain (conditions. 

Extent of Milk-borne Disease.- Tlu' extent of milk-borne epidemics 
cannot be accurately measured, as even at the i)resent day many 
cases go undet('rmined or perhaps attributc'd to other causes. But 
the experience of Boston, Massachusetts, which has a fair milk 
supply indicates the gra\’ity of the subject. 


Y ear. 

Epideinii's. 

CJasea. 

1907 

niphthoriH 

72 

1907 

Scarlot foAcr 

717 

1908 

'l\v phoitl fever 

400 

1910 

Searlet fever 

842 

1911 

Septic sore throat 

2064 


Total 

4095 


This indicates that scarlet fever and septic sore throat jnay be 
conveyed even more often than typhoid fever. 

Tuberculosis is the most important of all milk-borne diseases, 
both because of the; frequeiucy with which it is conveyed and the 
seriousness of the disease. It may be either bovine or human in 
origin. Human infection is rarer than bovine, but it is certain that a 
tubercular patient may infect milk, and Hess in lOLS actually isolated 
the human tuberculosis bacillus fnmi a sample of market milk. 

Koch in 1901 announced that there was practically no danger of 
man’s contracting tuberculosis from cattle, but his statement was 
immediately challenged by many bacteriologists who have since 
brought forth conclusive evidence of the falseness of Koch’s dictum. 
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The summarized English, (lermaii, and American lindings in 
1511 cases arc given below: 

COMIUNEU TABULATION SI10WIN(; OllKUN OF CASKS OF 
TUBERCULOSIS. 


DiagnoHis of cast>« 
examined. 

Adults .sixteen 
years and over. 

Children five to 
sixteen year.s. 

( -hiidn'ii \mder 
live years, 


ITunian. Bovine. 

Human. 

Bovine. 

Human. Bovitie. 

Fnlinoiiary tuberculosis 

778 

14 


:ir, 1 

'ruberculosis adenitis, axillary or 

inguinal 


4 


2 

Tuberculosi.s adenitis, cervical 

.{() 1 

.Ti 

22 

1.') 24 

Abdominal tuberculosis 

It; 4 

8 

!) 

1 0 1 4 

(Jenoralized tuberculosi.s, aliment- 

ary origin 

ti I 

;i 

4 

17 1.5 

C.leneralizod tuberculosis . 



1 

71 7 

(jiemu-ulized tuberculosis, including 

meninge, alimentary origin 

.0 

1 1 


81 11 

Tubercular meningitis .... 

1 

:> 


28 4 

Tub(“rculosi.s of boru'S and joints 

:i2 1 

41 


27 

(lenito-urinary tuberculosis . 

22 1 

2 



I'uberculosis of skin .... 

10 :i 

4 

ti 

2 

M isceUancous cases : 

Tuberculosis of tonsils . 



1 


Tuberculosis of mouth ami cer- 

vical nodes 

1 




Tuberculosis sinus or abscess 
Sepsis, latent bacilli 

“ ■ ■ ■ 



1 

d’otals 

940 I") 

i:u 

4li 

292 7li 


The ])erceiitage incidence of bovine infection would, therefore, 


as follows: 

Adults Hixteen 

Children five 

Chililron under 

years and ovtir. 

to .sixteen years). 

five years. 

Pulmonary tubcuculo.sis .... 

0.4 

0 

2.8 

Tuberculosis adenitis, tauvical . 

2.7 

;48.o 

01 .0 

Abdominal tuberculosis .... 

20.0 

.53.0 

.58 . 0 

Generalized tuberculosis, alimentary 
origin 

14.0 

.57.0 

47.0 

Generalized tuberculosis . . . ■ 

0 

10. 0 

8.0 

Generalized tuberculosis, including 
meningitis, alimentary origin . 

0 

0 

00.0 

Tubercular mentingitis .... 

0 

0 

4.0 

Tuberculosis of bones and joints . 

3.:i 

0.8 

0 

Tubcrculosi.s of skin 

23.0 

60.0 

0 


It is probable that the majority of all cases of bovine tuberculosis 
in man are due to infected milk, as there is little danger from meat 
since it is usually cooked and tuberculosis of the muscles is very 

^Tuberculosis is quite prevalent among cows, varying in different 
places from a few to as high as 50 per cent. Savage gives froip 
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Dallar the followinji^c as being the percentage found in various places: 
England, 20 per cent.; Denmark, 31 per cent.; Sweden, 42 per cent.; 
Norway, <S.4 per cent.; Belgium, OO per cent.; Massachusetts (1(S97), 
58.9 per cent. 

Tt is a general conception that tubercle bacilli occur oidy in milk 
obtained from animals suffering with tuberculosis of the udder; this 
is not strictly true as is seen from the following conclusions by 
Mohler: 

“The tubercle bacillus may be demonstrated in milk from tuber- 
cular cows when the udders show m> ])erceptible evidence of the 
disease either macroscopically or microscopically. 

“The bacilli of tuberculosis may be excreted from such udder in 
suffici(‘nt numbers to produce infection in exp(‘rimental animals 
both by ingestion and inoculation. 

“The j)rcsence of the tubercle bacilli in the milk of tubercular 
cows is not constant, but varies from day to day. 

“(V)ws secreting virulent milk may Ih' affected with tubereulosis 
to a degree that can be detected only by tlic tuberculin test. 

“The ])hysical examination or general api)earancc of the cow 
cannot foretell the infectiveness of the milk. 

“The milk of all cows which have reacted to the tuberculin test 
should be considen'd as suspicious and should be subjected to sterili- 
zation before using.” 

Shroeder, however, concluded that only 40 per cent, of the cows 
which react to the tuberculin test actively expel tubercle bacilli. 

Market milk often contains the tubercle bacilli, as may be seen 
from the following table compiled by Barker. 


TUBERCLE BACILLI IN MARKET MILK. 


Date. 

l*laco. 

Investigator. 

Samples 

examined. 

Number 

positive. 

Percentage 

positive. 

189!) 

England 

xMaefayden 

77 

17 

22.1 

1904 

(Icrrnany 

M idler 

1590 

97 

6.2 

1904 

Cl(irrn.nny 

Beatty 

272 

27 

10.0 

1898 

Liverpool 

Delepine 

12 

22 

17.6 

1897 

liiverpool 

Hope 

228 

12 

5.2 

1900 

London 

Klein 

100 

7 

7.0 

189.3 

St. Petersburg 

Scharbekow 

80 

4 

5.0 

1900 

Kiew 

Pawlowsky 

51 

1 

2.0 

1900 

Krakow 

Bujwid 

60 

2 

3.3 

1900 

Naples 

Marconi 

14 

7 

50.0 

1898 

Berlin 

Petri 

64 

9 

14.0 

1900 

Berlin 

Beik 

56 

17 

30.3 

1898 

Schev 

Ott 

27 

27 

11.1 

1898 

Konigsburg 

Jaeger 

100 

7 

7.0 

1908 

licipzic 

Ebcr 

210 

22 

10.5 

190.5 

Rotterdam 

Sinit 

567 

14 

2.7 

190fi 

Rotterdam 

Smit 

1584 

45 

2.8 

1908 

Washington 

Anderson 

223 

15 

0.7 

1909 

Louisvilhi 

Field 

119 

46 

29.5 

1909 

New York 

Hess 

105 

17 

16.2 

190a 

Philadelphia 

Campbell 

1.30 

18 

13.8 

1910 

Chicago 

Tonney 

144 

15 

10.5 

1910 

Rochester 

Cooler 

237 

30 

12.6 



THE TUBERCULIN TEST 


3S3 


It has been shown that man is susceptible to the bovine t> ]X‘ of 
tuberculosis and that tlie organism often is found in niark('t milk, 
and Uosenau estimates that probably 7 j)er cent, of the eases of 
tubereulosis thus luive their origin. The signilieanee of tliese 
figures becomes apparent when we realize that KiO.OOO individuals 
(lie each year in the I'nited Statens of this disease, and 11,201) would 
get their infection from milk. 

This is a needless loss of human life, for the information now 
available is suflieient to prevent every one of these eases if milk be 
obtained only froTii cows which have given negative tuberculin 
tests. 

The Tuberculin Test.— This reaction should be apidied to all cows 
and is carried out as follows: 

“ Inspections should be carried on while the herd is stabled. If it 
is necessary to stable animals under unusual conditions or among 
surroundings that make them uneasy and excited, the tnb(*rculin 
test should be postponed until the cattle hav(‘ b(‘eom<‘ aeenstomed 
to the new conditions. Tin; inspection should begin with earc'fnl 
physical examination of eaeli animal. This is essential, because in 
some severe eases of tubereulosis no reaction follows the injection 
of tuberculin on account of saturation with toxins, but experience 
has shown that thest; (‘ases can be discovered by physical examina- 
tion. The latter should include a careful examination of the udder 
and of the superficial lymphatic glands a.nd anseultation of the 
lungs. 

“Each animal should be mmd)ered or d(\serib('d in such a way 
that it can be recognized without difficulty. It is well to number 
the stalls with chalk and transfer these iiuml)ers to the transfer 
sheet, so that the temperature of t^ach animal can be recorded in 
its appropriate place without danger of confusion. The following 
procedure has been used extensively and has given excellent results: 

(а) “Take the temperature of each animal to be tested at least 
twice at intervals of three hours before tuberculin is injected. 

(б) “Inject the tuberculin in the evening, preferably between 

the hours of b and 9 p.m. The injection should be mad(‘ with care- 
fully sterilized hypodermic syringe's. Th(‘ most convenient ])oint 
for injecting is back of the left scaimla. Prior to the injection the 
skin should be washed carefully with a o per cent, solution of car- 
bolic acid or other antiseptic. . i • • 

(c) “The temperature should be taken nine hours after the injec- 
tion, and temperature measurements repeated at r^'gular intervals 
of two to three hours until the sixteenth luxir after the injection. 

{( 1 ) “When there is no elevation of temperature at this time 
(sixteen hours after injection) the examination may be discontinued, 
but if the temperature shows an upward tendency, ineasurements 
must be continued until a distinct reaction is recognized or until 
the temperature begins to fall. 
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(e) “If the reaction is detected prior to the sixteenth hour tlie 
measiireinents should he continued until tlie expiration of tliis 
period . 

(/) “ If there is an unusual change of temperature of the stahh* 
or a sudden change in the weather, this fact should be recorded on 
the report blank. 

((}) “ If a cow is in a febrile condition tuberculin should not be 
used, because it would be impossible to determine whether, if a rise 
in tem{)crature occurred, it was due to tlu' tuberculin or to some 
transitory ill iK'ss. 

(//) “(’ows should not be tested within a hnv days after or before' 
calving, for ex])erience has shown that the results a1 this time may 
be misleading. 



45. — Straus’s home, pastnurizor. (From Rosonau’s Preventative Medicine.) 

(i) “The tuberculin test is not reeommended for calves under 
three months old. 

(;;) “Tn old, emaciated animals and in nttests use twice the usual 
dose, for these animals are less sensitive. 

(/v) “ ( ’ondemned cattle must be removed from the herd and kept 
away from those that arc healthy. 

1. “In making postmortems the carcasses should be thoroughly 
inspected and all the organs should be examined. 

“No animal whose temperature exceeds 39.5° C. (103° F.) is a 
fit subject for the tuberculin test. 

“A rise of temperature to above 40° C, (104° F.) in any animal 



PASTEUHIZATJON 


whose teiiipcrature at tli(‘ nionient of injection was below ^9.;")° ('. 
(103° F.) is to be re^^arded as a positive reaction. 

“Any rise in temperature between 39.5° (\ (103° F.) and 40° (’. 
(104° F.) rnnst be re^rarded as of doubtful si^oiificance; animals 
exhibiting sncli recpjire special study.” 

Milk-conveyed typhoi(l fev^er ean be handled nearly as ctfectively 
as can tuberculosis by excluding typhoid carriers as producers anil 
handlers of milk. This can be very easily and elliciently done by 
requiring the blood test for all dairymen and their work(Ts. 

Milk Pasleuriz<yl for ."lO Minutoa at 



Fig. 46. — The hypothetical r(!lation of the bacterial croups in raw and i)ast('uri/.cd 
milk. (Tanner, after Ayers an<l .lohnson.) 

Pasteurization.— There are two methods of pasteurization— the 
“flash” and “continuous” processes. Tn the flash method the milk 
is heated to S0° or 90° ('. for from one to five minutes and then 
eooled to 50° C. or below. This method is rapid, cheap, and much 
25 
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in vogue but docs not give uniform results, is not entirely relijiblc, 
and (loes not meet the approval of the sanitarian. 

The continuous method is much to be preferrecl and consists \\\ 
heating the milk to a temperature of 65° C. for thirty minutes and 
then cooling to 50° C. or below. 

The ideal method for home pasteurization of milk is outlined by 
Rosenaii as follows: 

“Pasteurization in the bottle is the perfection of the art. It is 
the ideal method, because the danger, however slight, of recontami- 
nation is entirely eliminated. In order to pasteurize milk in bottles 
the bottles must be well sealed with a tight cork and caj), or equally 
effective stopper. The bottles containing the milk may either be 
immersed in a water bath, brought to the proper temperature, held 
there a sufheient length of time and then chilled ; or the method used 
in beer pasteurization, such as the Loew pasteurizers, may be used. 
In this case the bottles arc subjected to a spray or shower of heated 
water. 

“ After the bottles have been thoroughly ch'aned they are placed 
in the tray (.1) and filled with the milk or mixture used for one 
feeding. Then i)ut on the corks or patent stoppers without fasten- 
ing them tightly. 

“The pot (Ji) is now placed on the wooden surface of the table 
or floor and filled to the support {(■) with boiling water. Idace the 
tray ( J) with the filled bottles into the pot ( B) so that the bottom 
of the tray rests on the sui)port {C), and put cover ( D) on quickly. 

“After the bottles have been warmed up by the steam for five 
minutes, remove the cover quickly, turn the tray so that it drops 
into the water, replace the cover immediately. This manipulation 
is to be made as rapidly as possible to avoid loss of heat. Thus it 
remains, for twenty-five minutes.” 
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CHAPTER XXXIII. 


lUCTERTA IN OTHER FOODS. 

All foods except those cooked just ])revious to eating contain 
bacteria, the number and kind varying with the specific product and 
especially the method of handling. The greater part of such 
bacteria are without special significance. Some are l)en('ficial and 
play an important role in the ripening or other changes through 
which the food passes. These arc considered in a later chapter, the 
present one being reserved for a consideration of those bactc'ria 
which cause spoilage of food though not necessarily injurioustohealtb, 
but of importance from an economic standpoint, and tlie patliogeiiic 
organisms which find their way into food and may infect the con- 
sumer. 

Bacteria in Butter. Many of the bact(‘ria which occur in unclc'an 
milk multiply and give bad flavors to the butter produced from 
such milk. This is true to such a degree that most dailies first 
sterilize their cream and then add to it a pure culture for th(‘ ripen- 
ing of the cream. 

Any pathogenic bacteria which find their way into the milk may 
persist in the butter. While the typhoid organism grows well in 
fresh milk the increased acid ])roductiou tends to check tlicir mul- 
tiplication and may actually kill many. They arc, however, fairly 
n'sistant to lactic acid, as seen from the following results (Kruin- 
wiede and Noble) ; 




N^uinbcr of typh< 

Days. 

Per nout. 

b.-vcilU. 

0 

1.0 

:iy2,ooo 

7 

2 2 

05,000,000 

8 

5.0 

.‘{00,000,000 

9 


113,000,000 

10 


181,000 

11 

. 10.0 

100 


Hence, lactic acid cannot be depended upon to fret* butter from 
the typhoid bacilli. Moreover, numerous investigators have found 
typhoid bacilli in butter after varying lengths of time -Holley, 
five to ten days; Heim, twenty-one days; I’fulel, twenty-four days; 
Ruck, twehty-seven days. Washburn obtained the organism after 
one hundred and fifty tlays from butter which hatl been experinicn- 
tally infected with typhoid bacilli, and Hoyd reports an epidemic 
of typhoid fever which resulb'd from butter. Prol>ably tlu* longevity 
of B. typhosus in butter would vary greatly with the temperature 
and other factors, but it is quite evident that butter should not be 
produced from infected milk. 

Tubercle bacilli multiply only slowly it at all in milk; hence, 
it is the initial contamination which counts. Hut we have seen in 
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the preceding chapter that these organisms often hud tiieir way into 
milk, and the following table after Briscoe and MacNeal indicates 
that they often occur in butter. 


INCIDENCE OF TUBERCLE BACILLI IN MARKET BUTTER. 


Author. 

Date. 

! 

jSumplf's ' 

Place. exam- 

ined. 1 

Sample.s Per eon t. 
positive. po.sitive. 

Retiuirk.s. 

i3rii,SMf('rn) . ! 

1S1)0 i 

Turin 1 

1 

9 

1 

1 1 

11.1 i 


Roth 

1894 ! 

Zurich 

20 

2 1 

10.0 

Micro.seopie method. 

OlK'rititillcr 

1895 

Berlin 

13 

8 i 

61.0 


8chuchai'dt 

1896 

Marburg 

42 

0 1 

0.0 


Obcnnullcr . ! 

1897 

Berlin ' 

14 

14 i 

100.0 

16 tc.sted, 2 lost. 

(ironing . . ! 

1897 

Hamburg 1 

17 ' 

8 1 

47.0 


Iliincydi . { 

1897 

Wien j 

? ! 


0 


Hiibinowitsch . 

1897 

Berlin i 

30 1 

0 

0 ! 


UabinowiUseh . 

1897 

Philadelphia 1 

.50 ' 

0 1 

0 


iV'tri . . . i 

1897 

Berlin i 

102 ; 

33 i 

32.3 


Ilornion and 
Morgciiroth 

1897 

Bculiu 

10 : 

i 

3 ; 

30.0 


Ralanowitsch . 

1899 i 

Berlin 

15 

2 ' 

13.3 ! 

I’irst .S(‘ries. 

Rabinowit^ch . 

1899 1 

Berlin 

V j 

? 1 

87,2 1 

SeeoiHl series. 

Rabinowitsch. 

1899 

Berlin 

1 5 

15 

100.0 i 

Tliird .series. 

Rabinowitsch . 

1899 

Berlin 

19 ; 

0 

0 i 

Fourth serie.s. 

Obcrrnullcr . 

1899 

Berlin 1 

10 : 

4 i 

40.0 i 


Korn . 

1 899 

Freiburg 1 

17 ! 

4 ! 

23.5 


AHchcr. 

1899 

Konigsburg | 

27 1 

3 i 

7.4 


.liiger . 

1899 

Konigsburg ; 

3 

1 

33.3 


(Joggi . . . 

1899 

Milan 

100 

12 

12.0 


Weisscnfiold . 

1899 

Bonn 

32 

3 1 

9.4 


CJrassbergor 

1899 

Wien 

10 

0 

0 


Herbert 

1899 

Tubingen 

43 

0 

0 


Herbert 

1899 

Wiirttern- 

58 

0 

0 

P.seudotubereulosi,s, 

Herbert 

1899 

burg 

Berlin 

20 

0 

0 

5 per. 

Pseudotub(!rculosis, 

Herbert . 

1 899 

Miinehen 

5 \ 

0 

0 

8 per. 

Pseiidotubereulusis, 

AlienhauHf'n . 

1 900 

i 

i Marburg 

39 1 

0 ; 

0 

4 per. 

Ilellstrbin 

1900 

1 Helsingfors 

« i 

1 

12.5 

12 samples, 4 lost. 

Bomhoff . 

1900 

^ Marburg 

28 j 

0 ■ 

0 

39 samples, 11 lost. 

Pawlowsky 

1900 

1 Kiew 

23 1 

1 

4 . 3 


Tot)ler . . 

1901 

i Zurich 

12 

i 2 : 

16.7 


Lorenz 

i 1901 

j Dor pat ; 

30 

1 0 ^ 

0 


Markl 

i 1901 

i Wien ; 

43 

! 0 

0 


Herr and 
Beninde 

1901 

j Breslau > 

52 

1 6 

1 11.1 

Two were doubtful. 

Aujeszky . 

' 1902 

! Biulapest l 

17 

3 

17.6 


Thu 

, 1902 

1 Uhristiania 

16 

0 

0 


Teichert 

1901 

Rosen 

40 

12 

1 30.0 


Reitz . 

1906 

Stuttgart 

94 

8 

8.5 

Butter from eighty- 

EIkt . . . 

1 1908 

Leipzic 

1.50 

18 

12.0 

eight dairies. 

Briseoe and 
MaeNeal 

1911 

i Urliana, 111. 

6 

2 

33.2 


Ebor . 

1912 



15.6 

1 ('‘reamery butter. 

Rosen au el al 

1914 

' Boston 

21 

2 

9.4 

i 52 per cent, of the 

Marchiotti 

1917 

t 

1 

i 

1 •• 

1 24.0 

j 8ampl('..s contained 
acid-fast bacilli. 

i 



Millions of Bactoria per Gram of Cheese 


JiACTERIA IN nVTTKli 


;is<) 

Tu1)(T(‘1(‘ bacilli have also been foinal in oh'omarKarinc. Briscoe 
and MacNeal tjiliiilatxMl the analysis of 209 samples, 4.:> jier c(Mit. 
of wliich wer(‘ found to contain tubercle bacilli. 

The longevity of tubercle liacilli in butter is even greater than that 
of li. tjiphosus, for Schroeder and (’olton demonstrated their ])res- 
ence in buttc'r which had been kept for one hundred and sixty days; 



J’jo. 47. — Baotoria conU'nt and coinniorcial .score of Cheddar eh(‘e.se. (After Harding 
and Pnicha. 1903.) 


and contrary to prevailing opinion Mohler, Washburn, and Uogers 
found tubercle bacilli w^ere not devitalized by cold storage, and in 
salted butter they were found to retain their virulence for six 
months. 

Diphtheria bacteria have l:een found in butter, and an outbreak 
at Lewiston, Minnesota, was believed to have been caused by eating 
infected butter. There had been no diphtheria in the place until a 
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boy returned from the “Twin Cities” after an attack of diphtheria. 
The milk from the farm where he lived was sent to a creamery and 
every family in the place, in wliich there was diphtheria, was found 
to have used butter from this creamery. Experiments have shown 
that the diphtheria bacilli can live in butter for a month. 

Bacteria in Cheese.— If undesirable species of microorganisms arc 
present in the milk they will pass into the cheese and there produce; 
their liarmful elYect. This is incrre important in cheese-making 
than ill butter-making since it has not been found possible to 
make' many of tin; important varieties of cheese from pasteurize'd 
milk. The bacteria most dreaded by the cheese manufacturer are 
those of the B. coll aerogms group. These give rise to the formation 
of large holes whi(;h can be often taken to indicate bad flavor as the 
organisms product; in adtlition to hydrogen and carbon dioxid 
offensive smelling and tasting compounds. 

The bacteria of cheese increase during the first few weeks (Fig. 
do), after which there is a decrease, but even in ripened cheese there 
are millions of bacteria. 

Pathogenic liacteria which are in the milk will find their way into 
the cheese, as Schroeder and Brett purchased 25() samples of cheese 
on the Washington market and examined them for tubercle bat^illi 
by means of guinea-pig inoculation; 7.42 per ctmt. contained tubercle 
bacilli. Probably many of the tubercle bacilli die during the ripening 
process, but this cannot be entirely depended u])on, as Washburn 
and Done prepared a cheese from infected milk and jifter 220 days 
jiroduced generalized tuberculosis by injection into guinea-pigs, 
and even after 260 days injection of emulsions caused slight lesions. 
According to the findings of Rowland, IL typhosus and M. oholerw 
soon perish in cheese. 

Bacteria in Ice Cream. -The number of bacteria in ice cream may 
at times be enormous. There is only a slight decrease on storage, 
as is seen from the following results of Hammer and Goss : 

SHOWING THE EFFECT OF STORAGE ON THE NUMBER OF BACTERIA IN 


Mixed 

236,000 

32,800,000 

ICE CREAM. 

120,000 ' 172,500,000 

110,000,000 

120,000,000 

Frozen 

735,000 

30,850,000 

146,000 . 

271,000,000 

170,000,000 

140,000,000 

Days old: 

1 . . 

360,000 

7,750,000 

137,000 

157,000,000 

194,000,000 

70,000,000 

2 . . 

310,000 

4,450,000 

216,000 

128,000,000 

216,000,000 

71,000,000 

3 . . 

260,000 

2,435,000 


52,000,000 

102,000,000 


4 . . 

310,000 

1,150,000 

152.000 

300.000 

34,000,000 

39,000,000 

41,000,000 

0 . . 

7 . . 



139.000 

156.000 

31,000,000 

54,000,000 


8 . . 






61,000,000 

9 . . 





36,000,000 


10 

11 





15,000,000 


12 
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Freezing docs not kill the bacteria in milk or cream; hence, i(“e 
cream may and docs convey all of the milk-borne diseases, hurtlua- 
morc, the ice cream is often made in unsanitary places and liandled 
in an unsanitary manner; so that even though the milk be safe 
there are numerous opportunities for infection, especially where ice 
cream is vended on the street or from the little ice-cream stands on 
the corner. 

Folton reported experiments on the freezing of B. tiipho,sm in 
cream. One-twentieth of the organisms were alive after one month 
and even after forty-live days some of the organisms wen^ aliv(\ 
Furthermore, epidemic^s of typhoid have actually been traced to 
ice cream. Cumming reported 23 cases which developed a?nong 
twenty-nine persons who partook of ice cream at a school picnic 
at ITelm, ( 'alifornia, in 1911). Ice (■ream was the only food j)artaken 
of by all, and as chocolate ice erream was the favorite flavor this 
was determined to be the source of the infection. This was because 

(1) those not partaking of it did not bia-ome ill, (2) those partaking 

of it but no other food were taken ill, (3) those eating chocolate icai 
cream were taken with acute intestinal symptoms, and (1) those 
eating the largest (piantity of chocolate ice cream were the most 
seriously ill. , . . 

Dysentery is also often spread by means of ice cream. Smillie 
studied 7.5 ceases and found the etiology of them to be as follows: 

Ciusep. 

Contact with an acute case 21 

Contact with a carrier 2 

Contact with house cases ^ 

Condensed milk epidcnnic 

Ice-cream cones ^ 

Flies 6 

Milk J 

W ater 

J 

Unknown 

The dysentery bacillus of Flexner was actually isolated from the 
ice-cream cones. 

Hamilton has pointed out that ice-cream epidemics can be pre- 
vented by (1) the use of ingredients with a clean sanitary history, 

(2) the use of properly cleaned utensils and a clean factory, and {A) 
the proper handling of materials by individuals with a clean bill 
of health. The first of these is to be controlled by the pasteurization 
of the milk and cream; the second by frequent inspection; and the 
last requires regular and careful inspection of all workers for com- 
municable diseases. 

Bacteria in Condensed Milk. -Sweetened condensed milk is not 
intended to be sterile. The large quantity of sugar added prevents 
the growth of microorganisms. Hut the unsweetened or evaporated 



392 


BACTERIA IN OTHER FOODS 


milk is sterilized after sciiliiig, and lienee when [iroixa’ly done tla; 
finished product should contain no bacteria. The organisms which 
at times snrvivi; pasteurization and later may cause sjjoilaj^e are 
H. siihtilis, H. mescukTuyus, and R. coaf/ulaiiti. 

The decree of heat to which all the condensed, eoiiecaitrated, and 
powdered milk are subjected is probably sullieient to kill all tubercle 
bacilli and typhoid liacilli, but Andrews’ work would indicate that 
at times condensed milk may act as a differential medium for 
Staphylocoeei. fie reports instances where at time of condensation 
a few Staph i/lococci Dyogencs aurem were i)rt‘sent, l)iit later when the 
cans were opened many were present. 

Bacteria in Bread. --The interior of the loaf reaches a temperature 
of 101° to 103° (’. and the crust 125° to 140.5° (’. in the baking 
process; hence only the more resistant sporeliearing organisms 
would survive the baking process. I liseasc germs, therefore, seldom 
-if evt'r- occur in the freshly baked bread. However, R. mesen- 
teriem rulgata.s\ and probably other organisms which cause slimy 
or ropy bread, may survive and cause considerable economic loss. 

When th(\y hav(‘ found tlaar way into a. bakery the case with 
which they are overcom<‘ d{‘})ends U])on whether they are in the 
yeast, on the utensils, or in the flour. If they are in the yeast, a new 
start must be obtained, and Kayser suggests the use of acidulated 
water for washing all of the apparatus and even states that some of 
the apparatus may have to be discarded, (ireat economic loss, 
however, results when the flour is tin' infected material. 

Although bread is free from pathogenic bacteria when it leaves 
the oven, this is often not true wdieii it reaches the consumer, for 
unwrapped bread must ever remain a (;onstant danger. Hut when 
once wrat)i)ed, the danger is not as great, for the wrapper acts as a 
protection and if carelessly handled tells the tale to such an extent 
that it may be refused by the consumer. 

Bacteria in Eggs.— All investigators have found more bacteria 
in the egg yolk than in the egg white, and many of those who have 
found no bacteria in egg whit(* have assumed that this part of the 
egg j)ossesses a bactericidal action. Kcttger considers that the 
contents of normal fresh eggs are as a rule sterile, although he con- 
siders it quite j^robable that an egg yolk may become invaded before 
it is expelh'd from the ovary. Hut this he considers an uncommon 
occurrence, excej)t when the ovary is infected with the organism 
of bacillary white diarrhea. 

The ])ercentage of infected eggs found b}^ diflerent investigators 


as reported by Tanner is given below: 

Number 

Per cent. 

Author. 

examined. 

infected. 

KeURor . . 

, . 351G 

9.5 

Rettgor (10 c.c. samples) 

047 

3.80 

Bushiioll and Maucr 

. 2759 

23.70 

Manor 

000 

18.10 

Hadley and C^aldwoll 

. 2520 

8.70 
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The kind of or^Jinism and tlic iiuiuIkt of tiini's found by Kelti^cr 
are listed below : 


I’rosh I'l'i's. 

SiaphyliKUia'iiff, iisiKilly amcus and alhKs . . . . 

SubtUis j^ronp, usuall>' H. nn-seiitiriniH and li. ramosiiti 

B. cod and closi'ly t<>lated organisms 

Proteus group 

8treptocoe(!us 

Mi(!rococcu3 {Ictrapmuii, etc.) 

Streptothrix 

Diphtheroid baeillu.s 

Putrefactive anaerobes 

B. fiuoresccm 

Mold 

B. fnucosufi 

Mixed 


Number of (itnes 
found. 


(10 

30 

14 

9 

() 

5 


2 

4 

3 

2 


Total 


257 


Hadley and ('aldwell studied forty dilferent strains isolated from 
eggs. Th(\y were divided as follows: rods, 2S; coeei, 1 1 ; s])irillinn, 1. 
They found no member of tin* hemorrhagie septieiania, intestinal, 
proteus eoloii, enteritidis, typhoid, dysentery, nor diphtheria grou|). 

Uettger considers that under normal conditions the slu‘11 is bac- 
terium-proof. Moisture lessens its impervious charactcT, however, 
and when combined with dirt or tilth makes it possible for micro- 
organisms to enter and bring about decomposition. Hence, eggs 
should be stored under sanitary conditions. 

Cold storage, frozen, and dried eggs often contain millions of 
bacteria, yt*t of all food, so far as known, eggs are less liable to con- 
tain harmful ])roducts or to convey disease than any other single 
food of animal origin. They havtf an excejitionally clean health 
record. There is no known infection of the hen transmissible through 
the eggs to man. The lit(‘rature is exceptionally free from instances 
where sickness has been attributed to eggs except in the case of 
anaphylaxis which is undoubtedly due to an idiosyncrasy of the 
individual and not to any inherent injurious constituent of the egg. 

Bacteria in Meat. — It is usually considered that the tissues of 
healthy animals are free from bacteria, but Haagland states that 
certain bacteria (chiefly micrococci) may be normally present in the 
carcass of healthy animals slaughtered for beef. These bacteria he 
considers possess no ptithological significance and do not appear to 
multiply in the cold-stored carcass(‘s. provided tlie cold storage 
room is maintained at the proi)er temperature. 

Meat kept for some time may contain many bacteria. Weinzirl 
and Newton found that four out of ten .samples of meat which had 
been stored at - 10° (\ for one year, containefl over 10,000, 000. 

Chopped meats invariably contain many bacteria for the reason 
that meat used for that purpose is often that which has been dis- 
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carded for other purposes and then the hashing carries the bacteri;i 
throughout the mass which is an excellent medium for their multi- 
plication. This is recognized hy the fact that Wcinzirl and Newton 
proposed a bacterial standard of not over 10, ()()(), 000 j)cr gram for 
hamburger and then found that 50 per cent, of the sami)les examined 
by them had to be condemned. 

Sausage always contains numerous bacteria, but as pointed out 
by (darey the kind of organism present is more important than tin* 
number. He isolated the following organisms from 34 sami)les of 
sausage purchased on the market in ('hicago: 


Bacillihs coli 
ProleuH vulyarifi 
B. paracolon 
B. fccalis 

Yeast .... 

Slreptococcua 

Sta phylocuccus aureus 


30 

11 

9 

8 

8 

5 

2 


Bacteria in Canned Foods.— The majority of the canned meats 
and fruits are, free from bacteria, but in the case of swelled and 
spoiled products numerous organisms are found. 

Some of the organisms identified by Donk as causing spoilage of 
canned goods were as follows: 

M. acidi in cheese. 

M. candicans in roast beef, sardines, and bulk granulated sugar. 
M. mndidus in baked beans. 

M. cerms in baked beans. 
iM. lactis in cheese. 

M. hitem in corn. 

M. 'pyogenes in two samples of Maine style corn and one sample 
of canned corn on cob. 

M. stellatns in canned roast beef. 

B. cloacoB in canned roast beef. 

H. detrudens in cheese. 

B. licheniforniis in stringbeans. 

B. megatherimn in sauerkraut brine (not cannefl) and cheese. 

B. jnesenierici/^' in cheese. 

B. panimellii in cheese. 

B. suhtilu in corn. 

B. terms in cheese. 

B. viscosus in cheese. 

B. mlatis in spinach and bulk granulated sugar. 

B. welchii in corn. 

B. 'mdgatus in two samples of corn. 
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CHAPTER XXXIV. 

BACTERIA AND F()0D-P0[S()NIN(;. 

The term “food-poisoning,” or ptomain j)oisoning, in the past 
has i)een used to cover a multitude of physiological disturhanccs. 
As Jordan points out, “that convenient refuge from etiological 
uncertainty ptomain poisoning’ is a <Iiagnosis that uiKpK'stion- 
ably has-been made to cover a great variety of diverse conditions 
from appendicitis and pain caused by gall-stones to tin' simj)h“ 
abdominal distention resulting from reckless gorging.” Hut even 
when account is taken of this, its toll of human life and suffering is 
great, hood-poisoning is also a great cause of inef!i(*iency, d(‘prcs- 
sion, sluggish mental processes, dissatisfa(;tion, or abnormal irrita- 
bility which are often overlooked or attributed to other causes. 

Classes of Food-poisoning. Present knowledge j)ermits the follow- 
ing rough classification of food-poisoning: 

1. Poisoning due to the eating of foods which naturally contain 
poisonous products. 

2. Poisoning due to the eating of foods containing mineral poisons 
added either intentionally or a(*cidentally. 

3. The eating of foods wliich are normally non-poisonons but 
which have been obtained from animals sufi'ering from disease. 

4. The eating of food which has been accidentally infected with 
pathogenic bacteria in handling or preparation. 

5. The eating of foods which contain poisonous products of 
bacterial kataboli sm-toxins. 

6. The eating of a normal food by an individual who |)ossesses 
peculiar idiosyncrasies toward a specific food. 

Poisonous Foods,— The first group consists of naturally-occurring 
plants and animals which are always jmisonous or become so during 
certain seasons of th(^ year. According to (’fiestnut there are 
16,673 leaf-bearing plants included in Heller’s (’atalog of North 
American Plants. Of these nearly 500 have been alleged to l)e 
poisonous, but fortunately only a few are ever accidentally par- 
taken of by man. (’hestnut lists about thirty important poisonous 
plants occurring in the United vStates and some of these- are not 
known to be poisonous except to domestic animals. Some of the 
more common are as follows: 

American false hellebore {yeratnim lanVii)— mistaken for marsh- 
marigold. 
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Kentucky eoUVe tree {(Dinnuxindns (liorni) -niistaken for lioiu'v- 
locust. 

Broad leaf laurel {Kahnia, /i/z/o/ya) Jiiistakeii for winter^reen. 

Water heinloek {('inda y/y(/cy//y/^(y.) —roots inistnken for horse- 
radish, artichoke, parsnip, etc. 

By far the most common of these cases of plant-i)oisoning is due 
to the eating of the ])oisonous mushrooms or “ toadstools” {Amaneta 
mimaria), (J. phalloidcx), (J. verm). 

The symptoms of poisoning with .1. phaUoides is thus described 
by Ford: 

“Following the consumj)tioii of the fungi there is a period of six 
to fifteen hours during which no symptoms of jyoisoiiing are shown 
by the victims. This corresponds to the period of incid)ation of 
other intoxications or infections. The first sign of troid)le is sudden 
pain of the greatest intensity localized in the abdomen, accoinpanied 
by vomiting, thirst, and choleraic diarrhea with mucous and bloody 
stools. The latter symptom is by no means constant. The pain 
continues in ]>aroxysms ofttMi so .severe as to cau.s{‘ the peculiar 
Hip])ocratic faci(‘s, l(t face vultease of the French, and though some- 
times ameliorated in character, it usually recurs with greater 
severity. The [Kitients rapidly lose strength and flesli, their 
complexion assuming a peculiar yellow^ tone. Aft(‘r three to four 
days in children and six to eight in adults tlu^ victims sink into a 
profound coma from which they cannot be roused and death soon 
ends the fearful and useless tragedy. Convulsions rarely if ever 
occur and when present indicate, 1 am inclined to believe, a mixc'd 
intoxication, specimens of Amanita muscaria being eaten with the 
phalloides. The majority of individuals poisoned by the ‘deadly 
Amanita’ die, the mortality varying from GO to 100 per cent, in 
various accidents, but recovery is not impossible wlien small 
amounts of the fungus are eaten, especially if the stomach be v('ry 
promptly emptied, either naturally or artificially.” 

Metallic Poisons.— Various canned goods have been repeatedly 
accused of causing poisoning, but the cases in which this has occurred 
when the foods have been sterilized by the [)ressure method are 
extremely rare. Where it has caused trouble it is usually due to 
some metallic poison found in the cans and not to poisons developed 
in the food due to bacterial activity. 

Asparagus rs often looked upon as one of the canned products 
most likely to cause poisoning. This is due in a large measure to the 
fact that asparagus takes up large quantities of tin, and some indi- 
viduals are especially susceptible to this substance. The ziuantity 
of tin, and especially copj)er, which is taken up in most cases varies 
with the amount and kind of acid found in the fruit or vegetables. 
Moreover, when a low or poor grade of copper is used, it is more 
readily attacked by the fruits than are the pure compounds. 
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Fairly larj^e quantities of c()])per have to be eaten l)efor(‘ (i(‘ath 
results, and it is doubtful whether many foods would dissolve 
sufficient to result fatally. Whereas a small small {}uautity of one 
of the metallic poisons taken onee may eause no ill etfeets, their 
constant use would, for their action is eumulative. Moreo\'er, 
sanitarians insist that chemical suhstanees likely to 1)(‘ irritatiii^^ to 
the human tissues in assimilation or elimination should not he 
employed in food. Each new irritant, even in small (juaiitities, 
may add to the burden of organs alrc'ady weakened by or 
previous harsh treatment. 

Animals Suffering from Disease. --The milk and fiesh of animals 
sufl’erin^ with certain diseas(‘s are continually bein^^ used without 
adequate cooking, the rc'sult being that thousands die each year from 
this cause. The majority of these eases come from the us(‘ of milk, 
which has been considered in an earlier eha])ter. A typical out- 
break of paratyplioid du(‘ to tin* eating of dis(‘ased meat is thus 
given by Jordan: 

“The most characteristic exam])les of ‘food ])oisoning,’ p()i)ularly 
speaking, are those in which the symptoms ap])ear shortly after 
eating and in which gastro-intestinal disturbances ])r('dominate. 
In the tyjucal grou])-outbr('aks of this sort all grades of severity 
are manifested, but as a rule recovery takes ])lae('. The great 
majority of such cases that have been investigated by modern 
bacteriological methods show the presence of bacilli belonging to the 
so-called paratyphoid group {B. paratjiphosus or B. (’nkniuhs). 
Especially is it true of meat-poisoning epidemics that ])aratyi)hoid 
bacilli are found in causal relation with them. 1 liibeiier enumerates 
forty-two meat-poisoning outbreaks in (lermaiiy in which bacilli of 
this group were shown to be im])lieated, and Savage gives a list of 
twenty-seven similar outbnaiks in (Ireat Britain. In the 1 nited 
States relatively few outbr(‘aks of this eharaeter have been |)laeed 
on record, but it cannot be assumed that this is due to their rarity, 
since no adecpiate investigation of food-])oi soiling cases is generally 
carried out in our American communities. 

“ Typical Paratyphoid Outbreaks. — Kaensehe ileseribes an outbreak 
at Hreslau involving over eighty ])ersons in which ehop])ed beef was 
apparently the bearer of infection . The animal from which the meat 
came haii lieen ill with sever diarrhea and high fever and was 
slaught(‘red as an emergency measure (mdfieschlarldri) . On exami- 
nation a pathological condition of the liver and other organs was 
noted by a veterinarian wdio declared the meat unlit for use fand 
ordered it destroyed. It was, however, stolen, carried secretly 
to Breslau, and })ortions of it were distributed to dillerent sausage- 
makers, who sold it for the most part as hamburger steak (llack- 
fleisch) . The meat itself presented nothing abnormal in color, odor, 
or consistenev. Nevertheless, illness followed in some cases after 



398 


BACTERIA AND FOOD-POISONING 


the vise of very small portions. With some of those affected the 
symptoms were very severe, hut there were no deaths, llacilli of 
the Bacillus enteritidi-s type were isolated from the meat. 

‘‘A large and nmisiially severe outbreak reported by AlcWeeney 
occurred in November, 1908, among the inmates of an industrial 
school for girls at Limerick, Ireland. There were 73 cases witli 
9 deaths out of the total number of 197 pupils. The brunt of the 
attack fell on the first or Senior class comprising ()7 girls between 
the ages of thirteen and seventeen. Out of 55 girls belonging to this 
class who partook of beef stew for dinner 53 sickentHl, and S of these 
died. One of the two who were not affeeted ate the gravy and 
potatoes but not the beef. Some of the implicated beef was also 
eaten as cold meat by girls in some of the other classes, and also 
caused illness. Part of the meat had been eaten previously without 
producing any ill effects. ‘The escape of those who partook of 
portions of the same carcass on October 27 and 29 (five days earlier) 
may be accounted for either by unequal distribution of the virus or 
by thorough cooking which destroyed it. Some of the infective ma- 
terial must, however, have escaped the roasting of the 29th, and 
multiplying rapidly, have rendered the whole piece intensely toxic 
and infective tluring the five days that elapsed before the fatal Tues- 
day when it was finally consumed.’ Theanimal from which theforc- 
(piarter of the l)eef was ta.k(*n had becni pri v^ately slaught(T('d by a local 
butcher. No rt'liable information could be obtained about the 
condition of the calf at, or slightly prior to, slaughter. The meat, 
however, was sold at so low a j^rice that it w’as evidently not regarded 
as of prime quality. In this outbreak the agglutination reactions 
of the blood of the patients and the characteristics of the bacilli 
isolated showed the infection to be due to a typical strain of Ba/illus 
enteritidis." 

Offending Foods.— Meat is so often the cause of poisoning that 
the terms “meat-poisoning” and food-poisoning” have come to 
l>e used almost synonymously. Of meats, chicken and pork are 
more likely to cause poisoning than are meats from other animals, 
while th(^ internal organs liver and kidney -are more likely to 
contain disease-j)roducing bacteria than are the muscular tissues. 
Sausages, hamburger steaks, meat pies, puddings, and jellies are 
especially likely to cause food-poisoning. This is probably due to 
the products from which they are made, the methods of treating, and 
the fact that the heat used in cooking such foods is not sufficient to 
kill the bacteria in the food. While there are a few cases on record 
where individuals have been poisoned by the eating of freshly well- 
cooked meats they are so rare as to be of little importance; so the 
thorough cooking of meat greatly diminishes the likelihood of 
trouble, 
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Human Infection. It is necessary that food be i^rotected from 
eontaniination during the whole process of preparation and serving 
to prevent its infection with pathogenic bacteria, as is illustrated by 
the remarkable instance reported by Sawyer where ninety-three 
typhoid cas(‘s were caused by eating Spanish si)aghetti served at a 
public dinner. Investigation showed that the dish had betm 
prepared by a woman typhoid-carrier who was harboring living 
typhoid bacilli at the time she prepared the dish. The dish was 
baked after it was infected, but the baking was shown by laboratory 
experiments to have incubated the bacteria insteaxl of sterilizing 
the food. 

Then there is the celebrated ease of Typhoid Mary, investigated 
by Saper. In the i)ursuit of her work as a cook in and about N(‘w 
York City she is known to have' caused at least seven typhoid out- 
breaks in various families and one (*xtensive hospital epidemic. 

The danger from this source is voiced by ('hapiii as follows: 
'‘There are doubtless 200,()()0 eases of this disease (typhoid lever) 
ill the rnited States each year. If only 3 pm* cent, of these become 
elironic carriers, and if a carrier remains such only three years, we 
should have a carrier jiopulation of IS,()()0 persons, practically 
unknown and taking no ])recautions against infecting others. If we 
add to these the 25 per cent, of convalescents, who for sonu' weiTs 
are excreting the bacilli in their urine, it appears that there is a very 
respectable army of unrecognized sources of typhoid infection. ’ 

This is a situation which will be solved only when all handlers 
of food in public places are examiruMl for various diseases which are 
transmissible tlirough food. A move in the right direction has been 
made by the ('aliforiiia Stati* Hoard of Health which enters into the 
following agreement with all’earriers di.scovered: 

“ I have this day been informed that my excreta contain tyiihoid 
bacilli and that, unless unusual pri'cantions ai*e taken, ])ersons will 
contract the infection from me. Realizing this danger I agree to 
observe the precautions stated below, and request that I be [lermitted 
to remain in free communication with other persons. 

“1. I will take no part in the preparation or handling of food 
which will be consumed by persons outside of my iinmedijite family, 
and I will not participate in the management of a l)oarding house, 
restaurant, food store, or in any other occupation involving the 
preparation or handling of food. • r 

“2, 1 will not dispose of my excretions in a toilet to which flies 
have access without first exposing such excretions to either a 5 per 
cent dilution of liquor formaldchyd or 5 per cent, phenol (carbolic 
acid). 

“3. I will notify the local health officer of any cases of typhoid 
among persons with whom I come in contact. 

“4. I will inform the local health oflicer-of any contemplated 
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change of residence so that he can notify tlie State Board of Health 
and obtain its approval. 

“5. I will submit specimens for examination when requested by 
the State Board of Health. 

“ (). I will fill out the following report blank when submitted to me 
semi-annually, and return the same to the (’alifornia State Board 
of llealtli: 

‘I ha,ve, during the last six months, com])licd to the best of rny 
knowledge with the five se])arate agreenuMits entered into between 
myself and the (’alifornia State Board of Health. Brecautions 
involved in these se])a.rate agreements are for the ])urpose of prevent- 
ing typhoid infection.’ ” 

Ptomain Poisoning. Plant and animal tissm^s under appropriate 
temperature, moisture, and atu’ation putrefy. The proteins are 
broken down with the formation of basic, often highly toxic, sul)- 
stances spoken of as “animal alkaloids” or ptomains. These 
compounds are not poisonous in (‘V(‘ry cast*. presence of oxyg(‘n 

in the com])ound .seems to be neces.sary for the dcvelo|)ment of strong 
toxicity. In i)Utrefying mixtures these toxic bodies ai)])ear on or 
about th(‘ fifth to seventh day after putrefaction st'ts in and disap})ear 
through further cleavage more or less rapidly’ yit'lding less comj)l(‘X 
nitrogenous substances that are non-toxic. 1 1 was formerly thought 
that tlu'v played a ver,v imi)ortant part in food-poisoning. But 
recent work has indicated that the.v are seldom the causative agent. 
\4iughan and Na\y, who have made an extensive study of ])tomains, 
have proposed a v(‘r,v elaborate nomen(‘lature for sup])oscd food- 
])oisoning due to flieir ingestion. Some of them are as follows: 

( 'iK'oso-poisoninK * . . . 'Pyrotoxitinnis 

Fisli-poisoniim Ichlhyotoxisnius 

F()orl-i)r)i.soMin>>: Hromototoxisirius 

Mc.'it-poi.soiiiiiK Kroatoxisrnus 

Milk-poisoniiiK (Jalactotoxi.snujs 

Botulism. — Botulism results from the eating of food in which the 
Bacillus hotulinus has grown and elaborated a })oison. The organism 
is a large bacillus 4 to Gfi by 0.9 to 1 .2fi, having slightly rounded ends 
and they may arrange themselves in pairs, end to end, or in an 
unfavorable environment in long chains. It is a strict anaerobe, but 
may grow under imperfect anaerobic conditions if in syanbiosis with 
certain aerobic bacteria. The optimum temperature for the growth 
of the l)acillus and for the elaboration of the poison is between 20° 
and 30° (’. The vegetative cells are (^asily destroyed by heat, but 
the sj)ores are (piite resistant (according to \"an Ermengen, 85*' (’. 
for fifteen minute.s), but 1 )ickson considers them even more resistant. 
Thom ami associates isolated strains from asparagus which survived 
steaming under 10 pounds’ pressure for fifteen minutes, or a tempera- 
ture of 100° (’. for one hour. They remain visable, according to 
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Dickson, for months or even years if protected from thv action of 
light and air, even though the medium in which they are immersed 
is of acid reaction. The toxin which they produce is quickly de- 
stroyed by exposure to the action of light and air, hut will maintain 
its virulence for six months or more if kept in the dark and sealed. 
According to Van Krmcngen, the toxi(;ity is diminished by licating 
at 56° C. for three hours and destroyed by heating to S0° C. for half 
an hour or by boiling. Dickson found that the toxin may develo}) 
in mediums such as green corn, artichokes, asparagus, apricots, and 
peaches to which no traces of animal proteins have been added in 
addition to the various meats. 



Fi<;. 4S.— liacillua JioOiliiriis, (Aflor Dickson.) 


The pronounced symptoms which develop on the ingestion of the 
toxin are thus described by Wilbur and Ophuls: 

“Oirl, aged twenty-three, Tuesday evening, Novembe^r 23, 1913, 
ate the dinner including the canned stringheans of the light green 
color together with a little rare roast beef. The following day she 
felt perfectly normal except that at 10:00 in -the evening the eyes 
felt strained after some sewing. Thursday morning, thirty-six 
hours after the meal, when tlie patient awoke, the eyes were out of 
focus, appetite was not food, and she felt very tired. At night she 
had still no appetite, was nauseated, and vomited the noon meal 
apparently undigested. Friday morning, two and one-half days 
<after the meal, the eyes were worse, objects being seen double on 
quick movement, and it was noticed that they had a tendency to be 
crossed. A peculiar mistiness of vision Avas also complained of. 
She was in bed until late in the afternoon, when she visited Dr. 
Black. She had had some disturbance in swallowing previous to 
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this time and stated that it felt as if ‘ something came up from below’ 
that interfered with deglutition. The fomdh day she remained in 
bed, was much constipated, and noticed a marked decrease in the 
amount of urine voided. There was at no time pain except for 
occasional mild abdominal cramps, no headache, subnormal tem- 
perature, and a normal pulse. The fourth and fifth da.ys the breath- 
ing became difficult at times and swallowing was almost impossible. 
The patient complained of a dry throat with annoying thirst. The 
sixth day there were periods of a sense of suffocation with a vague 
feeling of unrest and as if there might be difficulty in getting the 
next breath. The upper lids had begun to drooj). The voice was 
nasal. When the attempt was made to swallow lifpuds they passed 
back through the nose. The ])atient felt markedly weak. 

“ Physical examination at this time showed })tosis of both ui)|)er 
eyelids, dilatation of the right pupil, sluggish reaction to light of 
both pupils, ai)parent paralysis of the intermd rectus of the k'ft 
eye, normal retina, inability to raise the head, control ai)parently 
having Ix'en lost of the muscles of the neck, inalality to swallow, 
absence of taste. The tongue was heavily coated and the throat 
was covered with a viscid whitish mucus clinging to the mu(*ous 
membrane. The soft palate could be raised but was sluggish, 
particularly on the right side. The exudate on the right tonsil was 
so marked that it resembled sonu'what a diphtheritic membrane. 
The seventh day there Avas some change in the condition ; occasional 
periods occurred when sAvallowing was more effective, and there Avas 
less tendency to strangle. On the eleventh day tluTc was some 
improvement of the eyes, still strangling on swalloAving, sensation 
of taste Avas keener, and the general condition improved. The 
twelfth day the patient Avas able to moA^(‘ her head, but was unable 
to lift it except Avhen she took hold of the braids of ht‘r hair, and 
pulled the head forward. The eyes could be opened slightly, spe(‘ch 
was less nasal and more distinct, and improvement in swallowing 
was marked. At the end of twm weeks tlie patient Avas able to take 
soft diet freely, and at four Avecks she was up in a chair for a couple 
of hours complaining only of general Aveakness and inability to use 
lier eyes. At the end of five weeks she was able to leave the hospital 
and return to her home and later to resume her regular work.” 

Prevention.- The prevention of food-poisoning from canned f(K)ds 
consists of processing the material according to the best experience 
availal)le, the selection of good, sound material and the rejection of 
any infected material. Dirty, Avilted, and partly rotted food carries 
many more organisms into the canning process than does fresh, 
sound, clean fruits and vegetables. Dirty tables, dirty jars, lids, 
and sewage-polluted water and flies are sources of contamination 
which shouki be eliminated. 

When ^ can presents a convex appearance (technically called a 
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“blown can”), or on opening a can a foul smelling gas escapes, it is 
a warning to the consnincr that the contents should Ik* destroyed, 
not salvaged, fixed np into salads, niine(*meat, or made-over dishes 
for human eonsum])ti()n, nor should it be fed to lower animals as 
there are many cases in which chickens and other animals hav(; been 
killed by such products. This probably distributes the organism 
on the premises. 

At other times the products have a peculiar rancid odor resembling 
spoiled butter wliich becomes more pronounced on standing. Su(*h 
vegetables should not be tasted, but destroyed. All vegetables 
which have been put up by any otlua- than standard inethods should 
be boiled before being eaten or even tast(‘d, and no such j)roducts 
should be served as salads unless they have bec'ii cooked after remov- 
ing from the container. 

HEFEUExNCES. 
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CHAPTER XXXV. 


PRESERVATION OF FOOD. 

Where a race is dependent upon a local or seasonal supply of 
food it occurs that in one district or during one season there is an 
abundance, whereas in another locality or at another season there 
may be a scarcity which at times amounts to a famine. This state 
of affairs was very common in the earlier history of the race, but 
modern methods of transportation and food preservation has made 
it }X)ssible for the modern individual to liave a sufficient and varied 
diet at all seasons. A varied diet is more .certain to contain all those 
constituents which arc essential to the body needs than is a restricted 
or monotonous diet. Moreover, it is well recognized today that 
nutritional disorders are more likely to occur on a restricted than on 
a varied diet. Hence, the general result of the expansion in tlie 
kinds of food consumed is good, but the food should be preserved 
in a manner such that as little as possible of the nutrient constituents 
are lost; so there is little change in appearance and taste and nothing 
is added nor developed in the food which is deleterious to health. 

Heat, cold, drying, and the use of some chemicals have long been 
in use for the preservation of food, but it is only recently that tlie 
art has l>een developed to its highest perfection. This is due to the 
fact that the art of food-preserving depends upon the science of 
bacteriology, and today it is possible to preserve some foods indefi- 
nitely without injuring their nutritive value or seriously interfering 
with their taste and appearance, and all such methods are legitimate. 

But “the chief harm has come from the blind use of chemical 
germicides without regard for their harmful properties. The 
simplest and cheapest way to preserve food is by adding one of these 
chemicals and the method was, therefore, seized upon by alert men 
whose chief interest was of the pecuniary kind. The question was 
to find the smallest percentage of a chemical which would prevent the 
decay of some particular food product, trusting to luck that the 
preservative used would prove harmless to the consumer. Often 
these chemicals were added with a liberal hand; further, it was soon 
found that chemical preservatives could be used to preserve food 
products for the market from materials already so decayed as to be 
unsalable in their original condition.” 

Methods of Preserving Foods.— Methods of preserving foods may 
be roughly classified as follows: 
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1. Physical —The more important methods of this class are lioat, 
cold, and drying. The last two are regarded by the sanitarian as 
antiseptic rather than germicidal, as they nsnally arrest the growth 
of the organisms, hut do not kill them. 

2. Chemical. -- 1 mder this class we have two groups. 

(а) Those chemicals which preserve through their influence 
upon the medium in which they are placed. The majority of these 
act by increasing the osmotic pressure of the solution, and the 
important constituents used are salt and sugar. These arc without 
objection from the hygienic standpoint. 

(б) Those substances which bring about a chemical change within 
the medium in which they arc placed or which combine chemically 
with the living proto])lasmic substance, or inhibiting tlu'ir natural 
functions. Their function is then to ])rcvent bacterial digestion. 
They are for the most ])art injurious, for if bacteria have atPaupted 
to digest food and failed, man need not try. 

CoW.— Cold has come in recent times to be of inestimable value in 
food preservation, and such food usually commands a higher market 
value than food preserved by other means. This is due to the fact 
that refrigerated foods in most cases very closely resemble in 
appearance, taste, and nutritive value the fresh article. Food 
can be kept in a satisfactory condition in cold storage for a very 
long time. The time varies with the specific article, its condition 
when placed in cold storage, and the temperature at which it is kept. 
Moreover, some foods such as meats i)ass through a stage of ripening 
while in cold storage so that when removed they have; d(;veloped a 
tenderness and even more delicate; flavor than that of the* frc'sh 
product. 

The temperature at which foodstulfs Jiiust be ke])t varies with 
different articles. Fish are iKsually frozen, dipped in water, and 
refrozen. The formation of a coating of ice acts as a ijrotcclion 
against bacteria and also prevents dessication. They are then 
stored at 10° C. Smith has shown that fish may be so kept for as 
long as two years without depreciating in nutritive or sanitary value. 

Meats are usually surface-dried before they are placed in cold 
storage. This prevents the formation of a film of water on the 
surface which under some conditions may act as a good cultural 
medium. Eggs and milk are materially injured by freezing; hence, 
they are ordinarily kept at a temperature just above 0° (k 

Cold is a disinfectant and not a germicide, and although a tempera- 
ture of 0° C. will prevent the growth of pathogens, some saprophytes 
may actually multiply at this temperature, but as the temperature 
is decreased the pathogens slowly succumb. Nevertheless, cold 
alone should not be relied upon as a protection against pathogenic 
bacteria. 

Most animal parasites die if kept in cold storage long. Rosenau 



406 


PRESERVATION OF FOOD 


gives the following periods for some : Triehinje die at or ])clow 5° ( . 
in twenty days; Taenia sagmata, the beef ta]:)eworm, dies in twenty- 
one days; but Taenia solium j the pork tapeworm, may live more 
than twenty-nine days. 

Food spoilage in (‘old storage is usually due to wrong temperature'. 
This is often true of the home icebox which is usually placed so as 
to be convenient, not considering practicability, ;ind a survey of 
such refrigerators revealed the fact that the temperature is often 
15° C. or higher. Such a ttunperature is ideal for rapid bacterial 
growth. 

Foods taken from cold storage si)oil rapidly as the bacteria in and 
on the food have not been killed and the freezing has loosened up the 
texture so the microdrganisms can gain entrance. Moreover, tlu* 
enzyrnatic change which i)roceeds in the cold-storage i)roduct gives 
rise to substances which accelerate bacterial activity. 

Nature’s method of preserving foods is by drying, 
for this is the universal priiuiple used in preserving seeds. Bacteria 
must have moisture to grow and multiply, and if the dessication Ix' 
great enough they die. Pathogens die quite rapidly when dried. 
Furthermore, fruits, vegetables, and meats when preserved l)y this 
method are usually C(X)ked before eating; hence*, the ])rocess has a 
decided sanitary as well as economical significance. Although 
nothing is added to the dried food and only water is lost, yet sonu' 
dried food loses its savor and probably at times decreases in digesti- 
bility. 

The elTectivcness of drying as a means of food preservation 
depends upon the completeness of dessication and the spc(‘ific food. 
Those foods which are rich in soluble constituents are easily pre- 
served by this method, for while the moisture present may be 
considerable yet the osmotic pressure in the solution is too great for 
bacterial growth. This is the reason grapes, apples, and prunes art* 
so easily preserved by drying, whereas meats and some fruits are 
preserved with difficulty. 

A great variety of foods, such as meat, fruit, eggs, and even niilk, 
can be successfully kept by drying. According to Bohn’s classifica- 
tion the following groups of foods can be kept by this method; 


Group I Protein Foods 

Group 11 Carbohydrate Foods 

Group III Proteins + i Carbohydrates 

Group IV Acids + Proteins + Chirbohydrates 


Pressure— The use of pressure for the preservation of foods 
is yet in the experimental stage. Hite and coworkers found that the 
bacteria which cause? spoilage in many fruits can be killed by press- 
ure. Apple juice kept for five years after being subjected to a 
pressure of from 90,000 to 120,000 pounds. Peaches and pears 
exposed to a pressure of 60,000 pounds for thirty minutes never 
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spoiled. ^ Inconsistent results were obtained with hlacklKUTics, 
raspberries, and tomatoes, tlins indicating that more work is neec's- 
sary before it can l)e used on a eommereial scale. Larsoii, llartzell 
and Diehl found that a direct })ressiire of (iOOO atmosplKTOS kills 
non-spore-forming l)actcria in fourteen hours. A ])ressure of 
12,000 atmospheres for the same length of time is required to kill 
spores. They think sterilization by means of j)ressure may prov(‘ 
valuable from a inedieal viewpoint as cultures so killed were found 
very effective in immunization. They an* disposed to attribute the 
sterilization to the sudden change in the osmotic tension of the fluid 
in which the bactewia were suspended. IIoAvevcT, Bridgman’s 
results indicate that it may be due to the coagulation of the bacterial 
protoi)lasm . 

Ca?mu/(/.~~Tlus i)r()cess in most cas(‘s leaves the food sterile. 
It is, therefore, a sanitary safeguard, and (*an b(‘ used with most 
meats, fruits, and vegetal)les, and if proj)erly conducted yields very 
satisf actory p roducts . 

The method used and the sucec'ss nu't with varies with tlu^ 
different products and their condition at the time of canning. Acid 
foods or those containing large (piantities of soluble constituents 
are canned with considerable ease as compared with the neutral 
substances (corn, })eas, and beans). 

The various methods used may be arranged muh'r three groups: 

1. The heating of the products under pressure for a sufficient 
time to sterilize. This method although it refjuires the use of an 
autoclave is mon; efficient and requires less time than the other 
methods. It is used very exteu.siv(‘ly in larg(‘ canneries, whereas 
the intermittent and continuous methods are used to a greater extent 
in the home. 

2. The intermittent methotl consists of heating the })roducts 
on three successive days, maintaining the food at a temj)erature 
between heating such that spores will vx'getate. The ol)jection to 
this method is the time necessary in the preparation of the finished 
product, and anaihobic organisms may not germinate in the intervals 
between heating but may later with the production of toxins. 

3. The continuous or cold-pack method is being extensively 
used of late, but Dickson and later Thom and coworkers have shown 
that the temperature is not always sufficient to insure the death of 
all injurious organisms. 

iHyy/ar and Salt and salt preserve l)y increasing osmotic 
pressure and arc very extensively used as they are without injury 
upon the health of the consumer. 

Sugar is largely used in the manufacture of jellies and preserves. 
These substances are cooked in the preparation, and this together 
with the high osmotic pressure of the solution renders them free from 
pathogens. 
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Salt is extensively used in the preservation of meats and pickles, 
and our knowledge concerning the action of salt is more exact than 
it is concerning sugar. 

Tanner lists the various reasons which have been ascribed for the 
keeping powers of salt as follows: 

I. Exerts a poisonous action. 

II. 1 lenders the moisture unavailable for microorganisms. 

III. Destroys tlie cells by plasmolysis. 

Salt does not render the medium sterile l)ut exerts a selective 
action upon the bacterial flora. A 7 to 10 per cent, solution of salt, 
according to Stadler, inhibited the growth of the following organisms : 
B. Coli commune, B. morbificcins horns, B. enteri (litis, B. (protevs) 
indgaris, and B. hotnlinys. 

De Ereytag and Stadler found that a saturated salt solution had 
the following effect upon bacteria: 

INFLUENCE OF CONCENTRATED SALT SOLUTION ON BACTERIA. 


Author. 

Organiani. 

Freytag . . . 

Ji. anlhracis 

FreytaK 

B. anthracis spores 

Frey tag 

B. lijphosun 

Stadler .... 

B. typhosus 

Frey tag 

B. diphtheria- 

Stadler .... 

B. diphtheria- 

"tYeytag 

B. Oiberculosis 

Stadler .... 

B. prslis 


Observation. 

Not lolled after a luiiuber of hours. 
Not kille<l in six months. 

Killed after five months. 

Not killed in .six weeks. 

Not killed in three weeks. 

Not killed in four and a half weeks. 
Not killed in three months. 

Not killed in sixteen wcek.s. 


Homer found that B. hohdinns does not develop in media con- 
taining over () per cent, of salt, and he considers meat which is 
properly covered with brine safe. But much higher concentrations 
— 12 to B) per cent, acting for seventy-five days are necessary to 
destroy the bacteria, and even then ptomains which had previously 
been formed in the food would not be rendered harmless. 

It is quite evident from these results that salt is an eflicient food 
preservative. It does not, however, destroy pathogens, and in 
dilute solutions the organisms involved in food-poisoning may 
develop. 

Chemical Preservatives.— All authorities are agreed that the 
preservation of food by drying, refrigeration, heating, canning, 
salting, and preserving with sugar is justified on theoretical grounds 
as well as practical experience, whereas the use of sulphites in sausage 
and chopped meat, the addition of formaldehyd to milk, or of boric 
acid or sodium flourid to butter are objectionable from the stand- 
point of public health . The addition of sulphites to meat is especially 
objectionable, as it places in the hands of the unscrupulous dealer a 
method of concealing the signs of decomposition in meat, in addition 
to being injurious to the health. 

The use of other preservatives such as benzoic acid and sodium 
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benzoate is defended by some authors, while others argue that any 
chemical which is j)oisonous in large (inantities should Ix' considen'd 
as poisonous in small quantities until the contrary is proved. This 
can be determined only by tests extending over long ])eriods, for 
whereas one dose may not be injurious tlu^ continuous use may. 
So it is best to exclude as far as practical the use of chemical pre- 
servatives from food. The subject is well summarized by Jordan 
as follows: 

^‘The remedy is obvious and has been fnxpiently suggest('d— 
namely, laws prohibiting the addition of any chemical to food exce])t 
in certain definitely s])ecificd cases. The ))r(‘sumpti()n then would 
be— as in truth it is— that such chemicals are more' or less dangerous, 
and proof of innocuousness must be brought forward befon' any one 
substance can be listed as an exception to the general rule. Such 
laws would include not only the use of chemicals or ])rcservati\cs, 
but the employment of .substances to ‘improve the ai)pprauce ()f 
foodstuffs. As already pointed out, the childish practice of arti- 
ficially coloring foods involves waste and sonu^times danger. It 
rests on no deep-seated human need; food that is natural and 
untampered with may be made the fashion just as easily as the coloi 
and cut of clothing are altered by the fashionm()ng('r. Ihc incor- 
poration of any chemical substance into food for preservative or 
cosmetic purposes could wisely be subject to a general ])rohibition, 
and the necessary list of exceptions (substances such as sugar and 
salt) should be passed on by a national Ijoard of t‘xp(a-ts or by some 
authoritative organization like the American Tublic Health Associa- 


An advance in the right direction was made by the passage of the 
National Food and Drug Law in lOOli. JTis is being rapid y 
incorporated in the statutes of the ^'arious states. According to 
this law a food is adulterated: , i x 

1. “If any substance has been mixed and jaicked with it so as to 
reduce or lower or injuriously afiect its (luality or strength. 

2. “If any substance has been substituted wholly or m iiart tor 

the arti^.^^ valuable constitiict.t of the article has been wholly or 


in part Abstracted. 

4. “If it is mixed, colored, po\^dered, 
manner whereby damage or inferiority is 
5> “If it contains any poisonous or 
ingredient which may render such article 
6. “If it consists in whole or in part ( 
putrid animal or vegetable substance or 
unfit for food, whether manufactured or 
of a diseased animal or one that has 


coated, or stained in any 
concealed. 

other added deleterious 
injurious to health. 

)f a filthy, decomposed or 
any portion of an animal 
not, or if it is the product 
died otherwise than by 


slaughter.’^ 
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Those clieniicMl preservatives coiicernin<; wliich there is a question 
as to their infliieuce upon the licalth need only l)e listed on the article 
leaving the consumer to decide for himself as to whether he cares to 
use it. 
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RACTEIUA IN THE AKTS AND INDESTKIES. 

Bactehia play an cvcr-incmisiii^^ part in the arts and iiulnstries 
and man is learning that the majority of them an' his friends and not 
his enemies. In addition to the j)roeesses considered in tlu‘ preced- 
ing pages haeteria play a leading role in many important indust ric's, 
a few of which are briefly considered hc'low. 

Alcoholic Fermentation. The <l('velo])me!it of bacti'riology as a 
science is intimately associated with tlie history of h'rnientatioii. 
Some of Pasteiir’s classic studies dealt with this subject and ever 
since it has commanded considerable attention. 

Although from a commercial view))oint the yeasts are of first 
importance in alcoholic fermentation, yet there are many bact('ria 
which produce alcohol, for instance: 

B.fitzianvs, ferments glycerin with the formation of ethyl alcohol. 

IL ethacdiciis fernn'iits glycerin, starch, sucro.s*', hictose, glucose, 
maiinite, and arabinose with the formation of ('thyl alcohol and 
acetic acid. 

A number of bacteria, chief among which arc' B. IfiiiiihcKs, B. 
B. orthoh'utjjlicuSf B. mnylozyvic, and Heijeriuck s genus (iraniilo- 
bacter, ferment c.arbohydrates with the })roduction of butyric acid. 

Recently Northrop and coworkers have outlined a method of 
producing acetone on a commercial scale, ethyl alcohol being a by- 
product. The organism used is ]i. acdo-dhylicu iii which acts on <i 
solution of beet' molasses. The fermentation yi(‘lde<l from S to S .,3 
per cent, of the sugar as acetone and 20 to 21 per cent, as eth\l 
alcohol. .... 

Milk usually undergoes lactic acid fermentation, yet Koumiss, 
Matzoon, Keffir, and Leben all contain alcohol and bacteria play an 
important role in their fermentation. 

Vinegar. — Many s])ecies of bacteria have been described which 
prodvice acetic acid. They are all closely rekated but difh'r slightly 
in morphology and fermentative power. It is belie^ed that the 
oxidation of the alcohol is due to an intracellular enzyme. All of 
the organisms are bacilli ami a few of the most common sjiec ies 

are as follows: o i i * 

Bacterium non-motile rods, 1 m a -m, tliat do not 

form spores. Their ojitimum temperature is about 34 ( . 
develop best in solutions not over 9.5 per cent, of alcohol and 
produce under favorable conditions about 6 per cent, of acetic acid. 
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Bacterium schiitzeiibachi and several related species are the main 
factors in the production of vinegar by the quick-vinegar process. 
The organisms vary considerably in size— 0.3" 0.4/^ x 3 — 6ju. Their 
optimum temperature is 25° — 30° C. They produce as high as 
11.5 per cent, acetic acid. In the absence of sufiicient alcohol the 
acetic acid may be oxidized by them to carbon dioxid and water. 

Two methods of preparing vinegar are in general use— (1) tlie 
Orleans and (2) the Quick, or German Method. 

1. The Orleans Method is the oldest commercial method and 
produces vinegar of the highest quality. There are many modifica- 
tions of this method but they all contain essentially the same 
principles. The filtered wine is placed in barrels or covered vats 
furnished with openings so the entrance of air is facilitated and can 
be controlled. The rece])tacle is fdled about two-thirds full of a 
mixture of four parts of good, new vinegar and six i)arts of wine, 
preferably that which has been pasteurized at 55° G. At times 
there is placed a light wooden grating which floats and helps to 
support the bacterial film. A small quantity of a good bacterial 
film is placed in as a starter. Periodically a portion of the contents 
is drawn off and replaced by wine, and so the process continues. 

2. In the Quick ’or (ierman Method the liquid to be acetified 
is allowed to trickle through barrels filled with beec^h chips, the 
pressed pomace of red wines, rattan shavings, corn cobs, or charcoal. 
Although the main function of these is to increase aeration, yet the 
best results are obtained with the beech shavings or i)omace. 

Sauerkraut.— The cabbage is cleaned, cut into pieces of con- 
venient size, and tightly packed with from 1 to 3 per cent, of salt 
into wooden or earthen vessels on the toj) of which is placed a 
weighted perforated cover. This, together with the osmotic press- 
ure of thti salt, draws from the vegetable considerable water. The 
respiration of the cells of the leaf and the yeast soon remove all 
oxygen. The mass undergoes lactic acid fermentation which in 
time reaches from 0.5 to 1 per cent. The brine is then drawn off 
and replaced by 4 to 8 per cent, salt solution. In this the vegetable 
will keep for a considerable time. Many substances are produced 
in the process, the chief of which are lactic acid, alcohol, succinic 
acid, volatile acids„mannite, amid bodies, carbon dioxid, hydrogen, 
methane, and various aromatic esters. 

The bacteria responsible for the process come from the vegetable. 
Although Weiss has isolated 65 different species of bacteria from 
sauerkraut, probably the principal changes are due to a few species. 
The lactic acid is usually produced by Streptococcus lacticiis and 
Bojcterium lactus acidi. 

By simillir means other vegetables— stringbeans, cucumbers, 
etc.— may be preserved. 
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Ensilage.— The changes througli which ensilage passes during its 
curing was looked upon a few decades ago as being entirely inicrohic 
in origin, but due to the work of Jiahcock and Itussell (1900-10) 
opinion swung in the opposite direction to sucli an extent tliat 
microorganisms were generally considered as of little if any signifi- 
cance in the normal fermentation of silage. I.ater (l!)rJ) Ksten 
and Moson considered the process entirely bacteriological. Three 
chief fermentations were thought to take place: the lactic acid, 
alcoholic, and acetic acid fermentation. The lactic acid fermenta- 
tion was thought to be due to organisjiis similar to those concerned 
in the souring of milk. It was also believed l)y these workers that 
yeasts cause an alcoholic fermentation and that acetic acid bacteria 
then oxidize the alcohol so formed to acetic acid. Samarani con- 
cludes that the acetic acid fermentation in silage is due to the res- 
piration of the plant cells, while the lactic acid k'rmentation is due 
to bacterial action. The organisms responsible for the latter proc- 
ess were identified by him as a bacillus and a coccus which occurred 
in about equal projiortions. The former he designated as the B. 
acidi lactid of Ilulppe, and the latter was considered identical with 
the common streptococcus of milk. 

Counts made by Sherman on silage juice showed the iirescnce of 
from 1,500,0()0,000 to 4,800,0()0,0()() per cubic centimeter, most of 
which were slender rods, and In, considered the organisms con- 
cerned to be nearly relatc'd to the B. hvhjttrirm grouj) of milk and the 


B. acidojMus groups. 

However, the temperature, kind of silage, and other factors 
would govern the bacterial flora, andCorini distinguishes four ty]3es 
of grass-silage prepared in iiits, depending upon the predominating 
type of bacteria as follows : (1) Butyric, (2) lactic, (3) putrefactive, 
and (4) sterile or atypical. If the silage stage reaches a temperature 
of 60° C. butyric organisms predominate; if 50° ( \ lactic organisms 
prevail; putrefaction occurs at lower temperatures, and sterile or 
atypical when the mass becomes superheated. Butyric silage is 
objectionable because of the odor and taste which it is apt to impart 
to the milk and the bacteria which enter from the surroundings 
render the milk unsuitable for cheese-making. 

The acid-produqing bacteria of silage are found constently on 
corn fodder, so that silage made from corn is always amply seeded 
with the organisms, but (lorini achieved considerable success by 
inoculating fresh grass-silage with lactic acid bacteria, and Crolhois 
found that the inoculating beet silage with lactic acid organisms 
preserves it better, furnishes a more nutritive product, and sup- 
presses the diseases to which the cattle fed on non-inoculated pulp 

^Tt^letsffrom a theoretical basis this would seem quite probable, 
for it is known th^t beets contain in addition to many other products 
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cholin and betain. The quantity of this last product in the ripe 
beet is 0.1 per cent., in the unri{)e beet 0.25 per cent., and in the beet 
niolasses as high as 3 per cent. The quantity may be even greater 
in the leaves and upper part of the beet than in the main beet. 

Now certain organic reactions are known which relate these 
products to a toxic substance. ( 'holin on oxidation and the subse- 
quent elimination of a molecule of water passes into betain: 




cih 


(Cll3)3N 

\ 

Oil 
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+ 20 - ((:^ii. 3 ).iN c-o + 2H3O 
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o 
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This is a typicjil oxidation and dehydration reaction which could 
l)e brought al)oiit by mold or bacteria under aerobic conditions, 
whereas betain can be converted into muscarin through being made 
to take up water and reduced thus: 
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This is a reaction which theoretically could be catalyzed by bac- 
teria or molds and would probably occur under anaerobic conditions. 

It, therefore, appears plausible that under appropriate tempera- 
ture, moisture, aeration, and microflora there may develop in beet 
silage toxic com])ounds. 

Retting.- The se])aration of the fibers of flax and hemp is brought 
about by a comiilex fermentation in winch bacteria dissolve certain 
pectin bodies which cement the fibers together. The reaction 
occurs best at a temperature of 30° to 32° ( k and is due to many 
species of bacteria. In the water-retting of hemp, the anaerobic 
butyric acid bacteria {('hsiridia) play a leading role, and the water- 
retting of flax is ascribod to a specific anaerobic bacillus {Granu- 
lohader 'pcctinovonmi) . 

Tanning.— Animal skins are tanned in order to increase their 
resistance to decomposition and also to increase their adajitability 
to the various purposes to which leather is put. In tanning bacteria 
play important parts. When the skin is soaked in baths rich in 
organic matter an energetic bacterial flora soon develops which 
quickly softens the hide. Bacteria cause the depilation and removal 
of the hair by which the dermis is separated from the epidermis and 
the hair which accompanies it. This is true in the sweating and lime 
methods, whereas the alkaline sulphid and arsenic sulphid are both 
chemical methods. 

The third step in the process is conducted in the excrement or 
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bathing tubs which contain the droppings of hens, pigeons, and dogs. 
Here a true digestion of the liide is carried on by l)acteria. Wood 
has isolated 90 species of bacteria from such a tube, no one of which 
possessed the power of bringing alxmt tht‘ d(‘sir(‘d change, 1)ut all 
acting (;onjointly gave the desir(‘d product. The heated hides are 
next })laced in a tan i)it or in l)ark lupior. Nunu'rous bacteria 
yeast and molds occur in the bark licpior and play a part in the 
finishing of the product. 

Vaccines.— A vaccine is a killed or weakened (attcauiated) sus- 
pension of organisms to be inoculated into the laxly for the i)urpose 
of causing the development of an active immunity. 

The vaccine is usually ])repared from a fresh twenty-four-liour 
growth of the microi Organism on agar. The surface growth only is 
taken, thus avoiding secondary metsdudie products which may be 
formed. The cultures are usually killed by exposure to heat at 
from 53° to b(f ( for one hour. High heat, while certain to kill 
the virus, is un(k‘sirable for tin; reason that it coagulates the protein 
substances in the bacterial cell and otherwise alters its chemical 
structure. 44ie closer the vaccine approaches the virus the better 
the result and higher the resulting immunity, h or this reason many 
workers prefer to kill the bacteria with chemicals, (’arbolic acid, 
chloroform, or some other suitable germicide. 

The attenuated virus is obtained by passing tin; microorganism 
through the body of some animal, as small])ox through the hfdfer 
by which its virulence for man is nxluced. At other times it is 
grown under adverse conditions — high temperatures, artificial media, 
or in the presence of antiseptics, after which it f)C(*omes less virulent. 
Drying is used in the case of the virus of rabies. 

In the preparation of antitoxins the bacterial cell or some of its 
products are injected into a suitable animal, and cafter sufficient 
time has elapsed blood is drawn and after appropriate treatment is 
used for the cure or prevention of disease. 
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losses in soil, 172, 178 
on soil flora, 189 
transformation in soil, 172, 178 
Capsukss, 48 
composition of, 01 

(Carbohydrates, action of, in soil, 210 
in bacteria, 58 

influence on ammonia jiroduction in 
soil, 199 

on thsnitrificat ion in soil, 242, 218 
on nitrification in soil, 222 
on nitrogen fixalion in soil, 202 
jiroducts formed from, by Azoto- 
bacter, 258 

as source of carbon, 08 
Carbon bisulphid, action of, on soil, 127, 
128 

on Azotobactor, 128 
on plants, 127 

comiioiinds, influence of, on denitrifi- 
cation, 248 
cycle, 182, 188 

nit,rogeii ratio influence on nitrogen 
fixation by Azotobacter, 208 
204 

in soil, 191 

sources of, for bacteria, 08 
for nitrifiers, 220, 221 
for plants, 290 
(Catalyzers, definition of, 75 
as ferments, 71, 78 
Canned food, bacteria in, 894 
( Canning, -407 
(Cellulose, 827 
in bacteria, 42 

decomixising ferments, 327-885 
early observations on, 327-880 


Cellulose ilecomposition by actinomy- 
cetes, 170 

ferments, aerobic, 888 
function, 888, 884, 885 
involution forms of, 888 
isolation of, 880, 881 
morphology of, 881-388 
products formed by, 882 
recent work on, 883 
in sewage, 308 

temperature relations of, 888 
sources of energy for Azotobacter, 
208 

C(41 wall of bacteria, 42 
Cheese, bacteria in, 889, 890 
( 'hemical presm-vation of foods, 408, 
109 

Chemicals, influence of, on bacteria, 
108 117 

( 'hemotaxis, lOS, 109, 801 
Chitin in bactmia, 48 
('hlorinated lime as disinfectant, 115 
Chlorine (ami^uninds ,as disinfectants, 
114 

(Cholera duo to water, 851, 852, 854 
vibrio, composition of, 01 
( 'lassification of bacteria, 40 57 
bacterial products, 82 
difficulties of, 40, 48 
j from food repuinnnents, 07 
Jensen’s, 07 
Migula’s, 4ti 
in regard to heat, 90 
Hoc. Am. Bact., 50 
of bacterial enzymes, 79 
pigments, 98 

Linnaean system of, for plants, 88 
of waters, 810, 84 1 

(Climate, influence of, on nitrogen fixa- 
tion, 288, 281 
(Clostridium, 80 

americanum, nitrogim fixed by, 264 
utilization of cellulose by, 203 
gclatinosum, 241 
nitrogen liberated by, 248 
‘ pasteurianuifi, discovery of, 250 
method of growing, 272 
morphology of, 252, 271 
nitrogen fixed by, 264 
occurrence of, in water, 254 
physiology of, 272 
symbiosis with Azotobacter, 276 
Cocci, 37 , * 

Cold, influence of, on pathogens, 406 
preservation of food by, 405 « 

Colloids, influence on Azotobacter, 260, 
261 _ 

(Composition of bacteria, 58-61 
of water bacillus, 00 
( Co]>pe.r, action .of, on soil bacteria, 122, 
123 

in food, 397 

i Crenothrix polyspora, 180 
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Crop, influence of, on bueli'rial flora, E 

250 I'A’TOl'I.ASM, 12 

on nitrates of soil, 23f> coinposilion of, 01 

on nitrification, 250, 2:if , bacteria in, :H)2, 505 

on nitrogen fixation, 2S2, 2S5 IxKicfricity, fj;ennici(lal inlliU'nce of, on 
production, essential (banenfs in, 510 bacteria, 101 
rotation, 510-520 influence of, on b.acteria, 105 


('ycle, l)iolo| 2 ;i(“al, in sewage, 5ft5 
of carbon, 182, 185 
of elements, 181 187 
of nitrogen, 185, 181 
of phosphorus, 181, 187 
of sulj)hur, 181 

( 'ytoplasin, composition of, 01 


D 


Dkcav, 188 105 
definition of, 188 
|)roducts of, 1!)0, 101 
Denitrification, '450 ‘217 
by aetinomyci's, 170 
early theories on, 2:10, 210 
enzymes conceriu'd with, 81 
influence of media reaction on, 211 
212 

of temi)eratur(' on, 215 
of waiter on, 211, 215 
losses of nitrogi'ii in, '21. ), '210, '217 
organisms conccaned in, 210, 211 
reactions of, 02 

Denitrifiers, food re(iuirements oi, '21'J 

215 

function of, '217 
metabolism of, 215, 211 
Deodorants, 110 

Desiccation, inlluence on Azotobaclei 
‘270 

Diplococci, :17 
Disease due t o me.at, :107 
to milk, :178 
to water, :151, :15'2 
milk-borne, character of, 570, 580 
extent of, 580 -:185 

Disinfedant, chlorinated lime as, 1 bi 
definition of, 110 
formaldi'hyd as, 1 10 
hydrocyanic add as, 1 \j 
mercuric, chlorid as, 117 
Nuli)hur ^Hoxid as, 110 
DisinR/ctants, chlorin compounds a: 
111 

citisses of, 1 1 1 
emulsions as, 1 15, 111 
influence of medium on, 115 
of moisture on. 111 

of temperature on, 11 1 

laws governing action ot, 1 1 1 
Dysentery due to water, 5i)5 


on medium, 101 
Dmulsion, 80 

1‘inergy, liberation by enzymes, 80 
sources of, IVI 

for Azotobader, 201 2f)0 
for dmiitriliers, 215 
for nitrifiers, 2‘25 
l*s. radicicola, 5 12 
Mnsilage, 1 lil, 1 11 
Knzymes, 7181 
act ion of, on phosphates, 175 
classificaiion of, 7!) 

<-oncerned in anmionification, 201, 
‘200 

in cellulosi! fermentation, 5:i0 
in denitrification, 215 
ill iiitritication, 221 
in bs. radicicola metabolism, :U)5 
definition of, 72, 75 
factors governing action of, 70-70 
hydrolytii;, 7tl 
influence of poisons on, 70 
of tcMiiperature on, 77, 70 
of tim<5 on, 78 
oxidizing, 81 
propert ies of, 70 
reversible action of, 78 
specificity of, 77 
teniiinology of, 75, 70 
Dpidianiologist’s nuOhod of working, 
555-558 

■, blxtracfives in liacteria, 58, 50 


F 

Kauuow, influence of, on nitrification, 
25 D 255 

, loss of nitrates from, ‘251 
I'ats, aetiim of bacteria on, 87 
Kermentation, 188 105 
of alcohol, 85, 81 
alcoholic;, 41 1 
definition of, 188 
early theories of, 21, 71, 72 
;, : enzjines of, 70 
I FiTinents, extracellular, 72 
; intracellular, 72 
I organized, 72 
unorganiz(;d, 72 

^ Fertilizers, influence of, on legumes, 
i 315, 314 

i Food, bacteria in, 587-594 
function of, for bacteria, 64 
! milk as, 568 370 
i preservation of, 40-1--410 
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Food, preservation of, by eanniiig, -107 
by chemicals, 408, 409 
by cold, 405 
by dryinfr, 40(> 
importance of, 404 
methods of, 4t)4, 405 • 
l)rcssvrre, 4t)(), 407 
l)y su^ar and salt, 407, 408 
pure, law, 409, 410 
req\iiremcnts of bacteria, Od-70 
maximum, 04 
minimum, 08 
Food-poisoninjr;, 395-403 
botulism, 400, 401 
classes of, 305 

diseased animals causing, 397 
foods causing, 398, 399 
metallic, 390, 397 
paratyphoid causing, 397, 398 
prevention of, 402, 403 
ptomain, 400 

Forrnaldehyd as disinfectant, 110 
Frcc/ang, infhumce of, on bacteria, 100 
in soil, 102, lt)3 

Fruits, preservation of, by iiressnre, 107 
Fungi, ammonia production l)y, 197 
filamentous, nitrogen fixers, 252 
Fusel oil, produced in alcoholic fer- 
mentation, 84 

Futiire work in bacteriology, 27 


Humus, formation of, by (‘cllulose fer- 
ments, 333 

influence of, on Azotobacter, 200 
on nitrification, 227 
on water requirements in nitrifi- 
cation, 227 

value of, in soil, 191, 192 
Hydrocyanic acid, 117 
Hydrogen requirements of bacteria, 08 
Hydrolytic enzymes, 79 


I 

IcK, baederia in, 350 
cream, bacteria in, 390 
disease due to, 399 
Indican, formation of, 90 
Indol, formation of, 89 
Infection, air-l)orne, 339 
caused by food, 399 
fiources of, in milk, 378, 379 
Inorganic constilvients in bacteria, 01 
Insectichle, hydrocyanic acid as, 117 
sulphur dioxid as, IKi 
Involution forms of bacteria, 38 
Iron, action of bacteria on, 92 
bacteria, 180 

influence of, on nitrification, 219 
re(iuirements of Azotobacter, 259 


G 


K 


Gases, in cellulose fermentation, 329, 
332, 1133, 334 

Germicidal action of moist heat , 99 
Germicide, 1 10 
Glucose, alcohol from, 83, 84 
energy from, 05 
lactic acid from, 8.0 
succinic acid from, 80 
Glycogen in l)acteria, t)2 
Gonococcus, 37 
Gradation of bacteria, 38 
Granules, “Babes-hirnst,” 43 
metachromatic, 43 
Granulobacter, 251 


H 

Heat, influence of inoist, on l)acteria. 


Kaiwhomsm, bacterial, 7 1 
Keflir, 411 
Kinase, 70 
Kumiss, 4 ! I 

L 

Leau, influence of, on soil bacteria, 122 
Leben, 411 

Lecithin, hydrolysis of, 174 
Lcgumebacter, species of, 295, 290, 297 
Legumes, chc?inical composition of, 
308-312 

elements added t,o soil by, 319, 320 
feed on nitrates, 323, 324 
influence o(, on non-lcj^unes, 314, 315 
immunity to Fs. radicacola, 305 
methods of assimilating nitrogen by, 
307 


98, 99 

on nitrifiers, 220 
production of, liy bacteria, 94 
relationship of bacteria to, 90 
Herniccllulose in bsicteria, 42 
Humates,- influence of, on nitrogen fixa- 
tion, 205 


nitrogen in, 323 

power to fix nitrogen, 291 t 
sources of nitrogen for, 322, 323 
; Life (^ycle of Azotobaider, 272 
1 Light, influence of, on Azotobacter, 281* 
on Viacteria, 101, 105 
on denitrifiers, 245 
Humus, chemistry of fortngtion of, 192, j production of, by bacteria, 94 

193 i lime, influeinje of, on ammonificatioii, 

formation of, 190 I 203 
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Lime, influence of, on nitvificution, 219 
on riitrofiien lixation, 2.55 
requiremont-s of soil, A/.otobacter 
as an indicator of, 254 
'Lipases, SO 
•Listerisin, 20 
Lon^ 2 ;cvity of bact(u-ia, 45 


M 

M.\(iNKsiuM carbonate, inHuetU'C' of, on 
nitrification, 219 

salts, influence of, on liactcria, 11:; 

Maltose, 79, 80 

Manf>;anesc salts, inlliience of, on bac- 
teria, 14:;, M l 

Manure, denitrifying organisms in, 2U) 
green, ill elfi^cts from use of, 1.58 
in(luenc(; of, on soil, 1.52, 1.50, 1,59 
inlluence of, on ammonificalion, 15:; 
on Azotol)act('r, 200, 207 
on bacteria, 15M1.5:; 
on bacUaial activilics, 150 159 
on moisture of soil, 151 
on nitrilical ion, 15:’. 
on ni(rog(ai lixalion, 15:!, 1.51 
on temjH'ralni'e of soil, 151 
prod\ic4s of d(a-omj)osil ion, :;:;0 

M.ass and enzyme ;ic(ion, 78 

Matzoon, 11 1 

Micrococcus acidi in clieese, :>0I 


Milk, changes produced in, by l)acteria, 
I :;7.5-i;7o 

classes of, :;71 

I of bacteria in, .470, 377 

1 coimnon, 371 
I com])osition of, 308 
disease :ind, :;7S 380 
i factors inllnencing number of bac- 
i teriain, :;72, 373 

‘ as food, :10S, 309, :;70 

growth of bacteria in, 371, :;75 
inthicnee of, on intestinal microllora, 
:;7i 

, pastcurizali«)n of, 385, :;8t) 

[)a(hogcnic bacteria i?i, :;77. :;78 
IK'iAonizing bacteria in, 377 
i (inantity consumed, :;t>8 

sources of inha-tion in, 378, 379 
i tubercle bacilli in, :;82 
tuberculosis <!ue to, .381 
I Milk-liorne diseasty chara<-ter of, :;79. 

' :;8(i 

exi(;ni, of, :;8(), :;8i 

Mineralization of soil constituents, 

' 171 1.80 

, Moisture in baderia, .5.8, 05 
fum-lion of, ii\ organism, 00 
inllu(mc(‘, of manna' on soil, 151 
: a'liuirements of nitriliers, 220 230 
Molds, .‘icid |)n)duc(‘d by, -87 
:\,s <lei\i1 riliei's, 2 1 1 
I dilTerenci^ of, from bacf(‘ri.‘i, :;0 


albicans ainplus, 301 

candicans in beef, :;94 

candidus in baked beans, 391 

casei in sewage, :;01 

cercus in beans, ;;94 

fervidosus am])his in sewage, :;t»l 

flavLis IhjUefaciens in jail refaction, 

190 

gouorrheae nitrogen re(iuiremenls, 08 
temp(!rature relationship of, 98 
lactis in cheese, 394 . 
luteiis in corn, 394 
meningitidis, vitaniine rc(|uirements 
of, 70 

pyogenes in corn, 391 ^ 
stellatus in bet'f, 391 
tetragenus mobilis V(’nfriculi, :;01 
urea;, 81 

Micron, 39 

Microorganisms, kinds of, in soil, 104 

Alicrosynradestuarii, action of, on sul- 
phMes, 179 

desulphuricans, action of, on sul- 
phates, 179 

Mills Lleincke phenom(;non, 35:; 

Milk, r.bnonnal changes in, 37t) 
acid-forming bacteria in, 370, 377 
bacteria in, 372 
bacteriology of, 308 377 
bitter, 370 
certified, 37 1 
’ 28 


I in eggs, 39:; 

j Morphology of Azotobacter, 271 
j of bacteria, :;7 15 
j of cellulose ferments, 3:!1 
' of Clostridium p;isteuriannm, 271 
j of nitrilu'is, 225, 220 
! Motility, organs of, 12 
{ Mustard, as gri'cn manure, 157 • 


N 


i NmiA'i'K accumulations, relationship 
i of, to Azotobacten, 284 
! influence on loss tromsoil, 247 
k»ss('s of, from soil, 230, 237 
prev<‘Tition of, 2.38 

, (|uantitics fornu'd in soil, 153, 158, 
' ■ 2:;^), 2:;»i 

used by legumes, 323, :;24 
, Nitrification, 28, :;4, 208, 2:;8 
of calcium cyanamid, 221 
chemistry of proces.s, 223, 224 
discovery of organisms concerned, 
i 209, 210 

early kuowkalge of, 208 
! theories of, 208, 209 

energy transformations in, 223 
influence of aeration, 2:;0, 231 
of antisei)tics on, 134 
of arsenic on, 1 19 
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Nitrification, influence of calcium on, 
142 

carbonate on, 139 
of chloroform on, 210 
of crop on, 231, 232, 233, 324, 325 
of cultivation on, 230, 231 
of fallow on, 231-233 
of green manure, on, 156-159 
of gypsum on, 112 
of iron sulphate on, 142 
of light on, 230 
of lime on, 141 
of magnesium salts on, 143 
of manganese salts on, 143, 114 
of manure on, 153, 154, 155 
of moisture on, 154, 155, 220-230 
of organic matter on, 211, 222 
of potassium salts on, 141, 115 
of reaction on, 218, 219 
of season on, 234 
of sodium salts on. 1 11, 145 
of temperature on, 230 
of water-holding capacity of soil 
on, 228, 229 

isolation of organisms concerned, 
211-215 

stimulation of, by salts, 147 
toxicity of salts on, 149 
Nitrifying ferments, distribution of, 
217, 218 

function of, in soil, 215 
influence of depth of soil on, 218 
of heat on, 226 
isolation of, 211-215 
metabolism of, 2211, 224 
Nitrite nitrogen in soil, 228 
Nitrobacter, 214, 216 
morphology of, 226 
sources of energy for, 214, 215 
Nitrogen in crops, 320, 321 
cycle, 183, 184 

fixation, cliemical theory of, 249, 250 
early theories of, 290, 291 
energy for, 312 
influence of aeration on, 312 
of arsenic on, 120 
of combined nitrogen on, 250 
of cultivation on, 283 
of fertilizers on, 313 
of green manures on, 156-159 
of heated soil on, 131 
of manure on, 151 
of moisture on, 312 
of season on, 282 
of temperature on, 279, 280, 313 
mechanism of, 306-312 
in soils, 34, 35 

fixed by Azotol)acter, 264, 265 
in kgumes, 323, 324 
liberation of, by bacteria, 243 
losses in nitrification, 225 
in nodules, 309 

soil gains in, 287, 3 15,. 316, 352 


Nitrogen, soil losses of, 239 
sources of, for bacteria, 68 
in I hall soils, 320, 325 
“Nitrogen,” 318 

Nitrosococcus, morphology of, 226 
Nitrosomonas, influence of, on phos- 
phates, 175 
media for, 220 

morphology of, 214, 225, 226 
sounres of nitrogen for, 221 
Nodule, ash of, 311 
bacterial growth of, 304, 305 
composition of, 309 
Nuclein, action of liacteria on, 174 


O 

Oioii^M lactis, action of, on lactic acid, 
87 

influence of i)ressure on, 107 
in milk, 376 

Oleomargarine, l\il)ercle bacilli in, 389 
Organic, compounds, action of, on 
Azotobacter, 259, 260 
on denitrification, 24:i 
in bacteria, 58 

as energy for 7\zotobact(‘r, 262, 263 
bacteria, 159 
of soil, 193 

manures, sp<'ed of decom})osition, 
199 

Osmotic im'ssure, t')7 
on bacteria, 106 
influence of, in soil, 149 
Oxidation, of acids, 87 
incomplete, 82 
Oxidizing enzymes, 79, 81 
Oxygen, influence of, on l)acteria, 105 
requirements of bacteria, 69 


P 

Pathockmic bacteria in cheese, 390 
Peat, bacterii.ed, 286 
denitrification in, 241 
Penicillium, influence of salt on, 67 
Peroxidases, 81 

Phosphate, action of l)acteria on, 176 
reaction in soil, 175 
rcq\ured by zymase, 83 
Phosphoproteins, action of bacteria 
on, 174 

Phosphorus, action of cellulose fer- 
ments on, 334 ' 

cycle, 184-187 

requirements of Azotobacter, 257- 
258 

of bacteria, 64 
in soil, 173 
in Utah soil, 320 
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iirment, production of, by actino- 
inycctcs, 169, 170 
, by Azoiobactcr, 94, 2i0, 271 
i^incnts, classes of, 94 
production of, 94 
lants, classes of, 40, 41 
o4enients in, ISl 
poisonous, 49.), -196 
dasinolysis, 67 
neomorphism, 48 
bieuinococcus, 47 
^oison, metallic, 496, 4.1) 

:’oisoning, 39.5 -404 
classes of, 495 

food causing, 498 ^ 

from diseased meat, 4.)/, .).>s 
from ensilage, 41 1 
prevention of, 402, 40.1 
ptomain, 400 
syinptoms, , 

Poisonous foods, o9.), oJu 
Polar bodies, 44 

Potassium c.arbomite, uilluenc(‘ ot, 
nitrification, 218, 21.) 
liberation of, by bacteria, IM) 
requirements of Azotoiaictei , — 

of bacteria, 69 , . i 

salts, influence of, on bacteria, 
145 

in Utah soils, 420 
.Preservative, deOmtion <4, 1 H' 
Pressure on bacteria, lOO 10' 

for preserving food. It) 1 

preservation of food by, 40t>, It)/ 
Proteases, 80 , , . . 

Protein, action of bacteria on, S. 
hydrolysis, 20-4, 205 
liquefaction in sewage, .K*- 
as source of carbon, 68 
Protista, 29 . 

Protozoa, action of antiseiitu on, i 
of arsenic on, 121 
of heat on, 141 ^ 

Protozoan theory, 135 
Pseudomonas fluorescens, 16h 
ammonia-producing, 1 .)o 
morphology of, 168 , 
physiology of, 1()8 
in soils, 165 ^ 

ncbulosa in sewage, 4 >l 
oehracea in sewage, 461 
radicicola, 292 

bactcroids of, .104, 404 
comipercial cultures of, .1^^ 
cultural characteristics ot, 

entrance into host, 304 
influence of acids on, 29 1 
of aeration on ,*11- 
of drying on, 209 ^ 
of fertilizers, 314. •*14 
of moisture on, .11- 
of phosphorus m sod, im 


: Psi'udoinonas radicicola, infliicnce 
temperature on, 299, 414 
met.abolism of, 406 408 
morphology of, 299 :104^ ^ 
relationship to host, 40o, 40t) 
sourci'S ol energy for, .112 
siieeies, 292 299 
i staining ot, 404 
i turcosa in sewage, 461 

Psychroidielie, hacleria, 9t), 97 
I Ptmidophyti'S, .10 
Ptomain poisoning, 400 
I Ptomains, 90, 91, 189 
Putrefaction, 1S,S P.)4 
i detinitiun of, ISS 

organisms concerned wdh, 1.10 

' products of, 190, 191 

R 

; Uaiuus, 26 
; Kadiobaeter, 251 

i U-idmm ravs, action of, on l)acteria, 
’ Uain, iidlueneesof, on sod nitrates 
: Rays, ultraA'iole.t , asj-at:dyzers, -- 
i Heilueing (‘iizynu's, 79, 81 

. , I Reductas)', SI 

^^’iRettingof Max, 1 1 1 

i Rhizobium Iteijennckii, 
i radicicola, 297 
Rt,ntg<‘n rays, influence of, on 

Rotation ami soil icatility, 42.) 
Rolhamsted, 4,21, .122 


Salt, influence of, ‘>'\^'‘“‘‘eria, U) 

Salt s, influence ot , on 1 )actei u , • ■ , 

on bacterial .activities of soil, bl.) 

IP.) 

toxicitvof. 115. 146, 149 
Sarcina alba in sc.wagca .>6l 
anrantiaca, pigments of, .).! 

Intea, pigment of, 94 

production of ammonia by, 1J(» 
in water, 44 (» 

SauerkranR 1 12 
Schizas<^s, 79 _ 

Schutz-Borissow law, /S 

^eLsoi., ii.n«on.-c of. on A/olobaolor, 

WI,2S2 , . 

l,i.r(oria in, .M.t, 302 

299 composition of, .166 

disposal of, 4t>t), 

; hvilrolyzioK iKictoria in, .«.2, .iO.f 

i .ixi.UwnR I'aotona in, 303 

' pathoRcm.1 liaoterm .f’ 

Iclucini? tmetenn in, .«>.!, 

Shaking, influence of, on bacteria, 10 < 
i Sheath, 44 


104 

246 


If.ac- 
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Silaiie, temperature of, 94 
Silkworm disease, 211 
Skatol, formation of, by l)aeteria, 89 
Smallpox, 24 

Sodium salts, influence of, on bacteria, 
145 

Soil actinomycetes, 109 
arsenic in, 118 

bacteria, action of, on proteins, SS 
as formers, 82, 83, 171, 172 
number of, 101, 102, 108, 101 
in water, 840, 847 

biological changes produced in, by 
bacteria, 150 
definition of, 171 
flora, 100, 170 

jrain in nitrogen, 248, 287, 28f), 815, 
810 , 

influence of antiseptics on, 127 
of carbon bisulphid on, 128, 129. 

181 

of freezing on, 100, 101 
of green manure on, 150 159 
of heat on, 127, 181, 182 
of manure on, 150 
inoculation, 284-287 
methods of, 810-817 
loss of nitrates from, 280, 2)18 
organic constituents of, 19:i 
phosphorus, hl)eration of, 178 -175 
plant food in I 't ab, 820 
potassium, liberation of, 180 
psychrophilic bacteria in, 9t), 97 
temperature, 151, 154, 280, 818 
Spirillum choleric asiatiem, 97, 98 
desulphuricans, 178 
Spirophyllum ferrigineura, 180 
Spontaneous generation, 18, 19 
Spores, 44, 45 
gennination, 45 
resistance, 44 
Staphylococci in eggs, 898 
Staphylococcus aureus, pigment of, 98 
survives pasteurization, 892 
pyogenes albus in putrefaction, 190 
Streptococcus coligracilis in sewage, 
361 

enteritis in sewage, 361 
lacticus, absence of katalase in, 81 
acid produced by, 85 
in sauerkraut, 412 
pyogenes in putrefaction, 190 
Substrata, 75 

Sugar and salt, as ju’eservlitives, 407 
Sulphates, action of bacteria on, 93 
reduction of, by enzymes, 81 
Siilphur, action of bacteria on, 175, 
178 

bacteria, 179 
cycle, 184 

dioxid as a disinfectant, 116 
requirement of Azotobacter, 259 
of bacteria, 69 


Sulphuric acid, catalytic ])roduclion of, 
76 

Symbiosis, 806 

among Azotobacter, 276 


T 

Tannino, 414, 415 

4'cmperaturc, and (oagulation of bac- 
terial proto|)lasm, 96 
fatal, 98 

influence of, on l)aeteria, 95, 100, lOl 
on enzymes, 79 
ot\ denitrification, 245 
on legmiK^ bacteria, 818 
on manure in soil, 151, 154 
on nitrification, 280 
on nitrogen fixed, 279, 280 
oti reactions, 95 
on soil, 154 
on water bacteria, 844 
relationships of baclx'ria, 97 
'riiallophytes, 80, 81 
'rherinal death i)oint, 99 
'rhermophilic bmheria, 9(i, 97 
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Toxins, 91 
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diseases transmitted by, 852 
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Zinc, action of, on bai'tiTia, 123, 124 
ZooglcBa, 43 

Zynuise, phosphorus r(',iuirements of, 
83 

Zymases, 80 
Zymo-excitor, 70 
Zymogen, 76 









TOCKUi EXPEBIMENTAL SlATiON LiflRAIIlf, 




